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CHARACTERISTICS OF SUPERIOR SCIENCE STUDENTS 
AND THEIR OWN SUB-GROUPS * 


I? 
INNOBERT 


THE PROBLEM 


HE SITUATION. America is facing a dire 


shortage of scientists and engineers 
This has been the subject of numerous re 
ports by such writers as, John M. Gillette 
|9], Harley M 
session of the 79th Congress 113], \l. Hi 
Scientific American | 26], 


and the National Manpower Council | 18]. 


Kilgore during the second 
lrytten in 7 


Comprehensive and detailed studies by 
niany investigators have shown that scien 
tists are different with enough specific char 
acter traits to make identification easy | 15, 
Po, cee, deo Career choices for science ar 
made while the student scientist 
[10, 11, 14, 25, 29]. It is 


opinion that a way must be found to identify 


is young 


this writer's 


the future scientist before he makes his 


career choice and thus interest him and 


guide his training so that all potential future 


scientists are developed to their maximum 


capacity. 


PREVIOUS RESEARCH STUDIES 


Characteristics of Scientists. Several in- 
vestigators have described the mature sci- 
entists [5, io. 2a. ee, 24]. 
the 
embryo scientist hence their value in select- 


These studies 


contain few of characteristics of the 


ing potential future scientists is very slight. 
Reports have been made on superior stu- 


* Paper presented at the Twenty-Eighth An- 
nual Meeting of the National 
Research in Science Teaching Meeting, Teachers 
College, Columbia University, April 19, 1955. 
Based on the author's doctoral study for the 
Ed.D. degree Characteristics of Superior Science 
Students and Some Factors That Were Found 
In Their Background, Boston University, 1954. 


Association for 


DOUGLAS 


\Iact 


RDY 


velop a key for identificati 
ese students 
per cent ol 
arc] follo 
and became 
yrofessional peopl 
these were 
people, vet in 
identification and 
characteristics and 


ame the problem 


's personal experience, t 


consultants, pilot studies of trial 


error and an inquiry form of 300 items 
invalua 


devel yped. The writer received 


help from the creators of the Science Talent 


\merica 


| 17] in developing the instrument and send- 


~ 


Search [6] and Science Clubs of 


ing it to the respondents. These were 


mailed to the respondents and the return 
after two months was 85 per cent 
The Respondents, 


groups of respondents, as follows: 


There were two 


\ control group of 78 freshmen and sophomores 
rheir 1.Q 
similar to the 


of high general ability. 
129. In 


test group, however, they were generalists rather 


mean Was 


many ways they were 


than specialists in science. 
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A test group of 600 freshmen and sophomores of 
high special ability. Their I.Q. was not known 
accurately but suggested to be around 140. These 
were the Winners and Honorable Mention Win 
ners of the Science Talent Search for 1952 and 


1953 


The IBM answer 


sheets for the questions in the inquiry form 


Analysis of the Data. 


were sorted according to occupational choice 


making five groups: scientific scholars, po- 
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tential scientists, potential engineers, women 
in science, and potential professional people. 
The responses were tabulated electrically 


by an IBM item tabulator. The total “yes’ 
responses for each question were converted 
to percentages. The percentage response of 
each of the five sub-groups and the whole 
test group (504 superior science students) 


on each item was compared with the similar 


TABLE I 


OcCUPATIONAL CHOICES 


504 Supertor SCIENCE STUDENTS 


75 Winners and 429 Honorable Mention Winners 


Occupational Title Number Number Total Choices in 
of the Chosen Profession Women Men Number Per Cents 
Physicist-research 6 69 75 14.9 
Doctor-medical practice Zz 44 46 9.1 
Chemist-researcl ‘ 31 39 ri 
Engineer-chemical 30 30 6.0 
Mathematician 3 29 32 6.4 
Chemist-general 9 19 28 5.5 
Physicist-general l 21 22 4.4 
Biologist-research 14 8 22 4.4 
Doctor-medical research 10 11 21 4.2 
Engineer-electronic 21 21 4.2 
Undecided 5 13 18 3.6 
Engineer-electrical 15 15 3.0 
Engineer-aeronautical 11 11 Z.a 
Engineer-mechanical 0) 9 1.8 
Engineer-physics 8 8 1.6 
Teacher 7 l 8 1.6 
Astronomer-astrophysicist 7 7 1.4 
Psychologist 5 2 7 1.4 
Writer-journalist 4 3 7 1.4 
Science professor/research worker 6 6 ® - 
Medical service 6 6 1.2 
Engineer-unspecialized 6 6 ie 
Biologist-unspecialized 5 ] 6 ee 
Engineer-automatic control 5 5 1.0 
Engineer-nuclear 5 5 1.0 
Lawyer 2 3 S 1.0 
Theologist 4 4 0.8 
Engineer-architecture 3 3 0.6 
Engineers-industrial 3 3 0.6 
Entertainer-radio/T\ 3 0.6 
Business 3 3 0.6 
Homemaker 3 3 0.6 
Home economist 3 3 0.6 
Geologist-meteorologist 3 3 0.6 
Engineer-naval architecture 2 2 0.4 
Engineer-civil 2 2 0.4 
Agriculture 2 2 0.4 
Musician 2 2 0.4 
Engineer-geological 1 l 0.2 
Historian 1 1 0.2 
Coach-athletics 1 1 0.2 
Politician l 1 0.2 
Linguist l 1 0.2 
Philosopher 1 1 0.2 

Totals 98 406 504 100 
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response to the same item-answer by the 

control group. The differences in percent- 

ages were tested for significance by the 
Johnson.* 


j Multiple 


choice items were analyzed by Chi Square. 


methods of Palmer 
Items of significance at the five per cent 
level or more were selected as qualifying 
characteristics and 


items of background 


factors. 
RESULTS 


Tables and Portraits. 
choices of the test groups and the control 


The occupational 
group were tabulated and reported. These 
verified the interest of the respondents in 
the special field of science and the general 
field of life activities. There were over 150 
of the 300 items that were significant at the 


five per cent level for all groups. Many 
were related to each other being merely 
different aspects of the same quality. They 


were, therefore, grouped into eight general 


categories: personality, attitude, interests, 
activities, family history, associates, sci- 
The 


items in each category create the portraits 


ence teacher, and decision for science. 


of the superior science students and their 


own sub-groups. 


TABLE II 


OccUPATIONAL CHOICES OF THE CONTROL GROUP 


No. 
Title of the Chosen Occupation Total Per Cent 
(1) (2) (3) 
Undecided 19 24.4 
Writer-journalist 1] 14.1 
Teacher college or high school ) 11.5 
Businessman 6 ee 
Entertainer, radio-TV 5 6.4 
Dentistry or medical practice 4 5.1 
Lawyer - a. 
Civil service 4 5.) 
Psychologist + Dea 
Engineer 3 3.9 
Scientist 3.9 
Social worker 2 2.6 
Medical service (female) 2 2.6 
Theologist ] ee 
Secretary ] io 
Totals 78 100 

* Palmer O. Johnson, Statistical Methods in 

Research, Prentice-Hall, Inc., New York, 1949, 


p. 165. 


SUPERIOR SCIENC! 





STUDENTS 5 


SUMMARY AND CONCLUSIONS 


Sé T NCE 
The portrait appearing below 
the su- 


1. Characteristics of 
Students. 


describes 


Superior 
those characteristics of 
perior science students which are signifi 
cantly different at the 5 per cent level from 
those characteristics of their contemporaries 
in general education. These portraits were 


developed by grouping significant items 


such general 
Attitudes and 


Opinions, Activities, Interests, and the like 


which might be related to 


categories as Personality, 
The figure following each item designates 


the percentage of “yes’’ responses to the 
item. 
Personality. The superior science stu 
dents had a desire and often the opportunity 
to be lead rs, for they were elected officers 
in student government 36, they enjoyed 
being group leaders in science 68, they as- 


The 
trolled and self disc iplined for they made 


sumed responsibility 72. were self con- 


a determined effort to always be punctual 
71, they never had occasion to regret hav ing 
lost their temper 52, they did not depend 


on their memory as being unusually re- 


liable 53. They were somewhat antisocial 


for they usually preferred to work and 
study alone 80, and preferred not to share 
their play and their pleasures with other 
people 21, they did not enjoy parties 33, 
they did not date the opposite sex as often 
as twice a week 92. They were very 
curious, for they had a lively curiosity about 


world 92, 


the natural they found that an 
unanswered question disturbed them 90, 
but did not find that people called then 
“nosey” because of their curiosity 83. They 
gave evidence of being materialistic, for they 


usually sought causes for 


never gambled in the usual games of chance 
67, even tried to solve social problems 
a science type procedure 47. They were 


persistent, tor they reported that they per- 


sisted tenaciously on a job to its completion 
68, and they liked to work long | 

to finish a self assigned task 90. Finally 
they were ¢ p ntell ( ey 
preferred symboli ealist rt 40, classi- 
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cal to popular music 60, liked to solve 
mental puzzles and riddles 79, and willingly 
went to church twice a week or more 16, but 
they did not find people calling them “day- 
dreamer” 70. 

Attitudes and Opinions. The superior 
science students believed in suspended judg- 
ment, for they always gathered their own 
facts 32, consciously separated their judg- 
ments from their likes 78, and quickly 
changed their opinion if proven wrong 76. 
They believed in the truth of material evi- 
dence, for they believed there was a material 
cause for all events 39, believed in no super- 
stitions 93, would not let events of chance 
plan their lives 74, never made a decision 
based on a hunch 22. They were convinced 
of the interdependence of science and so- 
ciety, for while they enjoyed free competi- 
tion if the rules were obeyed 91, they con- 
cluded that a person is not responsible for 
himself alone 86, and thought that people 
should be studied for the truth with nothing 
held to be too sacred to be studied by men 
of science 50, they questioned the use to 
which science is put 74, decided that scien- 
tists and science students were so scarce 
that they should be kept in their scientific 
jobs or training and not be drafted into 
military service 62, and that scientists 
should not ignore promotions 95. 

Interests. The superior science students 
were not the ideal American as pictured in 
stories in so far as their interests were con- 
cerned. They have a disinterest in ath- 
letics. They disliked reading about sports 
48, they were neither active members of 
an athletic team 60, nor regular members 
of a team 62, and they had no desire to be 
like an athlete 95. They had a disinterest 
in public entertainment in such forms as 
journalism 50, the theatre as a spectator 20, 
watching television 34, listening to the 
radio 18. With the one exception of club 
meetings which they liked 79, their inter 
ests were those of a solitary nature such as 
daydreaming 79, photography 87, nature 
walks 86, long distance hikes 8O, or re- 
quiring intellectual activity such as mathe- 


matics 91, playing chess 71, study of courses 
for school 83, or requiring mechanical ac- 
tivity such as inventing things 92, me- 
chanical tinkering and repairing 83, hi-Fi 
and radio set building 69, or scientific such 
as reading science 86, science studies or 
projects 95, or astronomy SO. 

Activities of the Superior Science Stu 
dent. In their actions they demonstrated 
their more innate qualities. They were no/ 
completely without social activities, for they 
belonged to four to eight clubs, committees 
and societies 47, were members of some 
non-science clubs 91, worked on a school 
publication 59, but gave no support to ath- 
letic teams 62, or to voluntary military or- 
ganizations 96. They were excellent per- 
formers in scholarly activitics for they were 
never expelled from school for discipline 
99, accumulated a month or less absence in 
their high school career 23, never failed a 
course in high school 95, did not earn their 
best grades in English 93, nor their poorest 
ones in Mathematics 92. In fact they 
earned an academic average of from A— 
to A+84, were on the honor roll 100 per 
cent of the time 77, and were members of 
an honor society 83. Their school activities 
showed a heavy concentration in scientific 
activities as is seen in the following: they 
spent time regularly each week in after 
school science studies 50, where they 
planned an experiment and did it them- 
selves 86, and performed some high grade 
research 33, improved a scientific method 
or device 30, invented something scientific 
25, or published a scientific, or other article 
19. They were very active in school. They 
had the use of a well equipped science 
laboratory 60, where they acted as a teach- 
ing assistant 41, gave lecture demonstra- 
tions 62, helped operate audio-visual aids 
48, led or organized field trips 63, and went 
on them 19, to science museums 86, and 
scientific industry 62. They belonged to 
“Science Clubs of America” 37, or to a 
Junior Academy of Science 21, and to a 
scientific society 67, and held office in a 


science club 47. They even had a part time 
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job in science 18, and as a result of these 
experiences they were scientifically com- 
petitively competent so they competed in 
science fairs 30, and in science congresses 
15, for prizes in science contests 73, which 
they won 65, including recognition in the 
Science Talent Search 100. 

2. Some Factors That Were Found in 
the Backgrounds. 

Family History. 


tage of stability, culture, and education, for 


The family had a heri- 


the father was born in America 77, as was 
the mother 83, and among the older rela- 
tives there were teachers 58 and scientists 
33, but no musicians 77. The father had 
a post graduate degree 25 and the mother 
had a college or post graduate degree 29. 
The father was not a business man 68, and 
the student admired and respected his 
mother’s achievements 77. The family col- 
lected classical music records 31, bought 
six to ten magazines per month 45, did not 
keep domestic pets at home 53, and had their 
principal residence in a community of a 
million or more 29, and did not move or 
change schools at all during the high school 
years 88. The family had economic advan- 
tages to offer the embryo science student 
for: he had an adequate workshop or labo- 
ratory facilities available 60, frequently at 
home 55, or at least a place to study science 
at home 72, and a study room of his own 
70, and he got most of his science equip- 
The stu- 
dent had time to develop his capacity, for 
he had almost enough time to study science 


ment from earnings or gifts 32. 


at home 71, and enjoyed leisure time to 
study science 86, with no “after-school” 
job 64, or vacation time job 21. Finally 
there was a parental attitude and point of 
view that permitted self development in 
the student for the family highly praised and 
respected science 59, did not urge the 
student to “be somebody important” 78, 
were strongly in favor of the students career 
plans in science 62, and the mother did not 
“boss” the family 75. They were very much 
encouraged. 


Associates. The superior science stu- 


SUPERIOR SCIENCE STUDENTS 


NI 


dents were definitely influenced by scientific 
While of all im- 


personal things in their lives books gave 


associates in their lives. 


them the most encouragement and inspira 
tion in their plans to be a scientist 84 and 
even though they directed themselves like 
a “lone wolf” in science 30, nonetheless they 
recognized that they got real help in science 
from someone else 72. They had close con 
tact with a scientist for they personally knew 
a scientist 53, had family friends who wert 
scientists 31, worked with a scientist 27, 
had a scientist for a personal hero 18, tried 
to behave like a scientist 4] They engaged 
in scientific activitics with friends Phe 
had chums who wanted to be scientists 79, 
friends who let themselves be led or directed 
in group scientific activities with them 4 
and found that there were older students 
who would help guide and encourage then 
in science 34. Scientific friends were 
available, for they spent the majority oi 
their elementary school years in the public 
schools 87 and also their high school years 
87. It is possibly the realization of these 
many influences on their lives that led 
them to conclude that they themselves wer« 
not the most to blame for their failure t 
achieve more in science than they did 24 
They needed their associates 

The Science Teacher. 


person was a father figure to the superior 


It seems that this 


science student, for of all per yple the science 
teacher gave them the most encouragement 
and inspiration in their plans to become a 
scientist 41, he quickly gained their respect 
and admiration 85, and became almost a 
second parent to them 24, gave them hel 
on confidential, personal problems 32. He 
appeared to have a good personality, tor he 
did not get angry and lose his temper 91, 
had a good sense of humor 90, and was fun 
to be with most of the time 82. He seemed 
to enjoy his job of teaching 89. The science 
teacher was well trained and experience 

for he had a master’s degree 1m science o1 
education 50, was trained to be a scientist 
before becoming a teacher 38, was using 


lus greatest ability as a science teacher 60, 
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had ambitions related to his job of teaching 
science 44. He set a good example, for he 
believed in hard work for himself and long 
hours 61, invented scientific or science 
teaching devices 23, acted as sponsor of 
science clubs 73, assisted students in after 
school science activities 91, and still found 
time for a personal hobby 55, teaching part 
time in a college 14, and an after-school 
job 22. He had a very professional attitude 
for he communicated with teachers from 
other schools 61, and with scientists 43, 
and was a member of professional organiza- 
tions 44. 


sive and progressive education, for what- 


It seems he believed in permis- 


ever his teaching philosophy was, it was 
not to teach facts to disciplined groups 87, 
or to discuss “The Great Scientists” 47, 
and while his principal method of teaching 
used in the classroom was lectures 36, he 
gave anybody opportunity to organize, 
lead, or direct group science activities 71. 

Decision to Be a Scientist. The decision 
came while they were very young and in 
elementary school 32, because of interest 
factors such as they could “explore the un- 
known” 35, and it was so interesting 35, 
and their ability to succeed in it. They had 
a natural aptitude for it 40, and they could 
grow and develop working on important 
problems 23. Also due to a love of hu- 
manity, for they could extend the bound- 
aries of human knowledge 34. 


CONCLUSIONS 

Reasons for Separate Conclusions. There 
are over a hundred items that build the 
portrait of the superior science student. 
The portrait is a complicated one so each 
general category of the portrait has been 
reduced to a few general characteristics. 
These have been developed by combining 
and consolidating several items in the cate- 
gory to a single quality. . 

Personality. (Leadership, self control and 
self discipline, not gregarious, curious, ra 
tional, persistent, intellectually complex 

Attitudes and 


judgment, truth from empirical evidence, 


Opinions. © Suspended 
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recognizes interdependence of science and 
society. 

Interests. Non-athletic, non-public enter- 
tainment, solitary, intellectual, mechanical, 
scientific. 

Activities. Socially limited, scholarly, 
scientific, active and competitive in science. 

Family History. Stable, cultured, edu- 
cated, economic advantages, leisure time, 
democratic. 

Associates. Strongly influenced, contact 
with scientist, scientific activities with 
friends, scientific friends, recognized inter- 
dependence of self and associates in science. 

Science Teacher. Father figure, good 
personality, well trained, experienced, pro- 
fessional attitude, permissive and progres- 
sive educator, good example to imitate. 

Decision to Be Scientist. Very early, 
motivated by interest and success. Love of 
humanity can be expressed in it. 

Review. These items of quality are para- 
mount in the life of the superior science 
student: Capacity, interest and freedom. 

Characteristics of Scientific Scholars, the 
75 Winners of the Science Talent Search. 
The portrait appearing below describes 
those characteristics and background factors 
of 75 winners of the Science Talent Search. 
They shall be referred to as scientific schol- 
ars and significant differences at the 5 per 
cent level between the scientific scholars 
and their contemporaries in general educa- 
tion based on characteristics and_back- 
ground factors will be used. The portrait 
was developed by grouping significant items 
under related general categories. The num- 
bers following each item show the per- 
centage of positive response to the item. 

Personality. They appeared to be solitary 
personalities for they usually preferred to 
work and study alone 84, do not want to 
share their play and pleasures with other 
people 33, find it easy to keep a secret 87, 
do not have pre-arranged dates with mem- 
bers of the opposite sex as often as twice a 
week 95. In spite of this they had leader- 
ship aspirations, for they enjoyed being a 


leader of group activities in science 77, such 








- e 


Soa ade 








FesruArRY, 1956] 


SUPERIOR SCIENCE STUDENTS 






TABLE Ill 


OccuPATIONAL CHOoICES—75 ScIENTIFIC 


SCHOLARS 


(Winners of The Science Talent Search) 


Title of the 
Chosen Occupation 
Physicist (Research) 
Engineer 
Mathematician 
Chemist (Research ) 
Biologist (Research) 
Physician (Research ) 
Physician ( Practice ) 
\strophysicist 
Psychologist 
Teacher 
Philosopher 
Linguist 
Undecided 


Totals 


as leading and organizing field trips 21, 
holding office in a science club 55. How- 
ever they did not blame themselves for 
failure to achieve more in science 33, nor 
did they enjoy parties. They are quite 
curious, for they find that an unanswered 
question disturbs them 92, they enjoy try- 
ing to be original 96, but they do not find 
people calling them a “daydreamer” 76, in 
spite of the fact that they have a lively 
curiosity about the natural world 88. They 
are persistent, for they like having to work 
hard and long on self assigned tasks 92, 
they liked to work steadily on one job to 
its completion 79, and they usually persisted 
tenaciously on it 77. They liked compli- 
cated and complex things best, for they 
preferred symbolic to realistic art 54, and 
classical to popular music 61. In people 
this takes a similar form for they have a 
scientist for their personal friend or hero 
and of all people they preferred least to be 
like athletes 99. They seem to be in per- 
sonal control of themselves, for they never 
have occasion to regret losing their tempers 
45, do not depend on their own memory 
exclusively 62, and were never expelled 
from school for disciplinary reasons 100. 
Attitudes They 


little confidence in fate or the supernatural, 


and Opinions. have 


for they never gamble in the usual games of 


chance 79, they believed in no superstitions 


Number 
Women 


4 


— st a} 


ee a 


Number Total Choices in 
Men Number Per Cents 
19 21 28.0 
12 12 16.0 
7 10 13.3 
5 x 10.7 
5 6 8.0 
3 4 5.3 
5 6 8.0 
> > > 7 
$ 

] 1.3 
] 1.3 
] 1.3 
] | 13 


v7 


Ff. QQ 


95, they never let events of chance plan 
their lives 79, never made a decision based 
on a hunch 24, believed in a material cause 
for all events 45, and they even felt they 
had no time for religious acts, 52. They 
have the habit of suspended judqment, for 
facts 32, 


they always gather their own 


questioned the validity of 


published ma- 
terial 96, consciously separated their judg- 


quickly 


wrong 76. 


ment from their likes 75, but 


] 


changed their opinion if proved 


They seemed to have a very high regard 


for science and scientists, for they ques- 
tioned the use to which science was put 77, 
decided that science and scientists were so 


should be 


kept in their own scientific work or study 


valuable and so scare that they 


and not be drafted for military service 73, 
they also thought that in turn the scientist 


should work in science and ignore money 


36. They never tried to discount single 
facts by general principles 17 

Interests. They believed that they 
usually concentrated on ZK vell 
feveloped interests 64, and the group of 
scientific scholars reporte erests the 


following activities: building radio or hi-Fi 
ie 2 


sets 72, crafts and carpentry 86, repairing 
ee ees se : as i 
ind tinkering with mechanical things & 
4 ] { 1 + 7 | t+ 
photography %1, club meetings 81, nature 
wa)} 20 raanding 1e1 O14 readinoe 7 
WalkKS ¢ s ead YF science tT, ead - Sci- 
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studies on projects 98, mathematics 92, lis- 
tening to classical music 99, (but not to 
jazz music 48,) study of school courses 88, 
astronomy 88; however they showed a lack 
of interest in watching television 61, paint- 
ing 47, or community service with children 
36. 
Activities. Since their activities usually) 
resulted from their interests there is a high 
degree of relationship observed between in- 
terests and activities. They were members 
of scientific societies 76, non scientific clubs 
92, Science Clubs of America 55, Junior 
Academies of Science 21. It was fairly easy 
to see that they were excellent scholars for 
they became members of honor societies 83, 
never failed a course in school 96, were on 
the honor roll 100 per cent of the time 84, 
did not get average but received top grades 
in high school 91, yet they did not earn their 
best grades in English 96 or their poorest 
in Mathematics 92. It was _ previously 
shown that they were solitary people but 
in science this was not so for: they com- 
peted in science fairs 31, in science con- 
gresses 15, in contests for prizes in science 
81, which they won 80, they went on field 
trips 59, visited science museums 95, and 
also scientific industry, belonged to four to 
eight clubs, committees and societies 55. 
When non-scientific organizations were 
available they ignored them for they were 
not active members of social groups or 
formal clubs 61, or a dramatic team 89, or 
a voluntary military organization 97, or a 
member of any athletic team 64. As an 
individual they worked planning and doing 
experiments 95, performed high grade scien- 
tific research 47, improved scientific meth- 
ods or devices 39, invented something sci- 
entific 31. Yet they shared their experiences 
with other students for they worked on 
school publications 64, published scientific 
articles 30, acted as a teaching assistant 37, 
gave lecture demonstrations in school 68, 
helped operate audio visual aids 57. Condi- 
tions were such that they could be active in 
science for they had the use of a well 
equipped science laboratory 63, had a place 
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to study science at home 77, had almost 
enough time to study science at home 77, 
spent time regularly each week in after 
school science studies 60, did have a part 
time job in science 30, but did not have a 
regular job during vacations 67, nor an 
after school job 80. 


Factors That Were Found in Their 
Backgrounds 


Family History. 
ture and Education. 


The Family had Cul- 
Father had a post 
graduate degree 43, and mother either that 
or a college degree 25. There were teachers 
among their older relatives 74, or scientists 
21, but no musicians 79. The family resi- 
dence was usually a city of a million or 
more 31, where the father was not a busi- 
ness man 73. The family bought six to 
ten magazines per month 45, and collected 
classical music record 47. The scientific 
scholar himself was a first born child 61, 
with no brothers 51. The family provided 
a setting that allowed for self determination 
for they highly praised and respected sci- 
ence 70, did not urge the student “to be 
somebody important” 99, strongly sup- 
ported the student’s career plans in science 
70, and father did not “boss” the family 
89. The family did not move nor did the 
student change schools during high school 
89, and gave the student leisure time to 
study science 93, a home workshop or 
laboratory 57, a study room of his own 80, 
an adequate workshop and library facilities 
available 72, and the student was allowed 
to get most of his science equipment with 
money from gifts or earnings 52. 
Associates. Some scientific scholars had 
family friends who were scientists 45, while 
other personally knew a scientist 72, or 
even worked with a scientist 44, and tried 
to behave like a scientist 37. Most had 
chums who wanted to be scientists 85, and 
friends who would let them lead or or- 
ganize group science activities with them 
47, while others found that older students 
would guide and encourage them in science 


activities. There were a few who directed 
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themselves like a “lone wolf” in science 29, 
but most found that books gave inspiration 
and encouragement on scientific careers 
87. The entire school career was spent in 
public schools, in elementary grades 95, 
and secondary school 91. 

The Science Teacher. 


considerable influence in the development 


This person had 
of the scientific scholar. The teacher had 
a master’s degree 51, was trained to be a 
scientist before becoming a teacher 43, 
was using his greatest ability as a science 
teacher 57, and had ambitions related to 
the job of being a science teacher 47. He 
appeared to be a very professional person 
because he belonged to professional organi- 
zations 47, communicated witli scientists 40, 
and science teachers 64. 
articles or books 24. 
hours and hard work for himself 59, he 


He published 
He believed In long 


had an after school job 20, usually teaching 
part time in a college 17. He found time 
for a hobby 52, and to invent scientific or 
science teaching devices 31. Even though 
his principle teaching method was the use 
of lectures 29, his philosophy was not to 
teach facts to disciplined groups 85, for he 
let the students lead and organise group 
activities in science 69. He never discussed 
“The Great Scientists” 43. 
be with most of the time 81 and was almost 


He was fun to 


a second parent to the scientific scholar. 
He symbolised permissive, progressive edu- 
cation. 

Decision to Become a Scientist. The sci- 
entific scholar decided to become a scientist 
because it was so interesting 39, had a 
natural aptitude for it 44, and thought they 
could extend the boundaries of human 
knowledge 40. 
they were in elementary school 37. 


The decision came wien 


CONCLUSIONS 


Reasons for a Separate Conclusion. 
There are over a hundred items that build 
the portrait of the scientific scholar. The 
portrait is a complex one, as a consequence 
each general category of the portrait has 
been reduced to a few general characteris- 
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tics. These have been developed by con- 
solidating and combining several items of 
the category into a single characteristic. 

Personality. Rational, solitary, leadership 
aspirations, curious, persistent, intellectually 
complex, self controlled, and self disciplined 

Attitudes and Opinions. Employ sus- 
pended judgment, high regard for science 
and scientists. 

Interests. Concentrated on mechanical, 
scientific, solitary and intellectual things 
Keading and scholastic work interesting 
but disinterested in TV, painting or chil 
dren’s activities. 

Activities. Joined scientific organiza- 
tions, scholarly performance in school, com- 
peted in scientific activities, visited scien- 
tific industries, museums. Interested in 
nature, ignored social, athletic or military 
groups. Worked on science projects and 
shared experience with others in school. 
No after school or vacation time jobs. 

Family History. 
Urban, professional and comfortable. First 


Culture and education. 
born son. Family permissive and demo- 
cratic. Provided opportunities for student's 
development. 

Associates. Friends were scientists and 
attended public schools. Worked and played 


with associates in science. Books a big 


tactor. 


TABLE I\ 
OccCUPATIONAL CHOICES—164 SCIENTISTS 
Honorable Mention 
Occupational Title of the Total 
Chosen Occupation Number Per Cent 


Physicist (Research 50) 


(Applied 21) 71 43.3 
Chemist ( Research 26) 

(Applied 19) i 45 27 .4 
Mathematician 22 13.4 
Physician in Research 8 4.9 
Astronomer or Astrophysics 5 3.1 


Biologist (Research 3) 
(Applied 1) 4 2.4 


Professor of Science 


(with research ) 3 1.8 
Science (Science but 

specialty undecided ) 3 1.8 
Meteorologist ; i. 


( 7€( ric wist 


Totals 164 yy 
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Science Teacher. Trained and educated. 
Professional, ambitious, diligent, set good 
example, good personality, progressive, per- 
missive and a father figure. 

Decision to Be a Scientist. Interesting, 
aptitude, humanitarian usefulness, decision 
made in elementary school. 

Review. The scientific scholar is the 
product of capacity, interest and freedom 
with scholarly influences. 

Characteristics of Potential Scientists. 
The portrait appearing below describes 
those characteristics and background fac- 
tors of 164 Honorable Mention Winners of 
the Science Talent Search who several times 
indicated that they were planning and study- 
ing to be scientists. These characteristics 
and background factors are significantly 
different at the 5 per cent level from those 
of their contemporaries in general educa- 
tion. The portrait was developed by group- 
ing significant items under related general 
categories. The numbers following each 
item show the percentage of the group that 
responded positively to the item. 

Personality. The potential scientists ap- 
peared to be leaders, for they held offices 
in science clubs 47, enjoyed being leaders 
of group activities in science 67, and or- 
ganized or led field trips 21. They were 
unusually curious, for they sought causes 
for all effects 76, had a lively curiosity about 
the natural world 92, liked daydreaming 80, 
but did not find that people called them day- 
dreamers 70, or “nosey” because of their 
curiosity 89. They were anti-social and 
did not highly revere the company of peo- 
ple, for they usually preferred to work and 
study alone 80, did not share their play and 
pleasures with other people 31, did not en- 
joy parties 40, had no dates with the oppo- 
site sex as often as twice a week 94. They 
appeared to be tenacious and persistent, 
for they did not dislike working long and 
hard on self assigned tasks 92, and usually 
persisted tenaciously on a job to its com 
pletion 65. They were complex individuals 
who liked the complex things of life. They 
preferred not to be like an athlete 94, they 


> 


liked to solve mental puzzles and riddles 83, 
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preferred classical to popular music 60, pre- 
ferred symbolic to realistic art 45, liked 
to try to solve their social problems by a 
scientific like procedure 53. 

Attitudes and Opinions. The potential 
scientists were not iconoclastic rebels, for 
they enjoyed free competition if the rules 
were observed 93, and they willingly went 
to church two times a week or more 15. 
They had no confidence in fate or the super- 
natural but were materialistic and scientific 
in their outlook ; they believed in no super- 
stitions 93, believed in material cause for 
all events 43, never gambled in the usual 
games of chance 63, never let events of 
chance plan their lives 27. They were 
quite coldly scientific in their attitude 
towards mans’ problems. They tried to 
solve social problems by a science type 
procedure 53, they thought that people 
should be studied with nothing held too 
sacred to be studied by men of science 57, 
they decided that in event of disaster that 
survivors should be saved in order of their 
worth to science 25, that scientists should 
work in science and ignore money 33, but 
not promotions 96, and that scientists and 
science students were so valuable and so 
scarce that they should not be drafted for 
military service but kept in their scientific 
work or study 71. Finally they believed 
that they themselves were not flawless, for 
while they always gathered their own facts 
38, they quickly changed their opinions if 
proved wrong 78, and they consciously 
separated their judgment from their likes 
78. 

Interests. The potential scientists are 
interested in personal or solitary activities 
and not in mass or popular things, they are 
not interested in community service with 
children 36, or listening to jazz music 55, 
reading about sports, or in journalism, but 
they are interested in reading science 99 
or science fiction 78, daydreaming 80, as 
tronomy 90, playing chess 82, long distance 
likes 87. They were interested in scholarly 
pursuits such as the study of courses for 
school 83, study of science studies or proj- 


ects 93, study of mathematics 95. They 
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were also interested in complex mechanical 
activities such as radio-ham operator work 
68, building radio and hi-Fi sets 73, invent- 
ing things 94, repairing and tinkering 85, 
and photography 82. 

Activities. The potential scientists en- 
gaged in activities that were the fulfillment 
of their personality, attitudes, and interests. 
They were not social and as a result they 
were not active members of any athletic 
teams 36 or groups 64. Neither were they 
active members of any volunteer military 
organization 96. They were scholarly and 
excellent students and as a result they were 
never expelled from school for discipline 
99, did not accumulate as much as a month’s 
absence during their school careers 79, did 
not earn their best grades in English 94 
or their worst grades in Mathematics 96, 
never failed a course 95, earned A— to 
A+ as an academic average 83, were on 
the honor roll 100 per cent of the time 73, 
and became members of an honor society 
84. They were scientific and couldn't do 
enough things in science or so it seemed, 
for they had the use of a well equipped 
sctence laboratory 58, spent time each week 
regularly in after school science studies 52, 
planned an experiment and did it them- 
selves 89, performed some high grade re- 
search 31, improved a scientific method or 
device 32, invented something scientific 30, 
competed in sciénce fairs 27, competed in 
science congresses 7, for prizes in science 
contests 74, which they won 64, published 
scientific or other articles 19, acted as a 
teaching assistant 41, gave lecture demon- 
strations in school 67, helped with audio- 
visual aids 43, went on field trips 65, led 
or organized field trips 21, visited scientific 
industry 60, had a part time job in science 
18, belonged to Science Clubs of America 
33, belonged to Junior Academy of Science 


16, were members of scientific societies 67. 


Factors That Were Found in Their 
Backgrounds 


Family History. While there were no 
musicians among the older relatives 81, 


there were teachers 53 and scientists 30 
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The father had a post graduate degree 20 
but was not a business man 67, the mothe 
had a college or post graduate degree 29 
The student was the first born child 68 
During high school years the principle 
residence was in a city of a million or more 
28, and the family did not move nor the 
student change schools 90 and they bought 
six to ten magazines per month 49. It 
would appear that the family had cultural, 
educational, and economic advantages. The 
family had a democratic and freedom loving 
attitude toward the student, for the fathe 
did not “boss” the family 75, nor did th 
mother “boss” the family 88, and the family 
did not urge the student “to be somebody 
important” 82 the family highly praised 
and respected science 47, and was stronql\ 
in favor of the student’s plans for a career 
in science 62. The family provided oppor- 
tunity for the student to develop, for he 
had a place to study science at home 75, 
and almost enough home-study time for 
science 72, he did not have an after school 
job and did not keep domestic pets at home 
53, he had leisure time to study science 93, 
a home work shop or laboratory 63, or ade 
quate work shop or laboratory facilities 
available 61. 

Associates. While the potential scientists 
thought that they directed themselves it 
science like a “lone wolf” 36, thev admitted 
that they got real help in science from so 


one else 63. Thev had a chum who want 


to be a scientist 79, thev jad friends % 

them_lead or organize group science activ! 
ties with them 49, and they found that some 
older students would help, guide and en 
courage them in their activities 32. They 


had family friends who were scientists 3O 


they personally knew a scientist 44, worked 
with a scientist 19, had a scientist for thev 
personal hero 20, tried to behave like 

scientist 52, spent the majority of their ele 
mentary schooling in public schools 91, and 
their high school years also in public schools 


; ; 


89. found that books were a great source o 
inspiration and encouragement in becoming 


a scientist 83. Perhaps it is a realization of 
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all these influences that led them to believe 
that they themselves were not the most 
to blame for their failure to achieve more 
in science than they did 32. 

The Science Teacher. For the potential 
scientist the science teacher was the person 
who gave them the most encouragement and 
inspiration of all people in their plans to 
become a scientist 43. He quickly gained 
their admiration and respect 85. He hada 
jood sense of humor 89, was fun to be with 
most of the time 75, did not lose his temper 
r get angry 92, and seemed to be using his 
greatest ability as a teacher 57. Apparently 
he had been carefully educated for his job, 
for he was trained to be a scientist before 


he became a teacher 39, he had a master’s 
legree in science or education 53. What- 
ever his teaching philosophy was, if was 
not to teach facts to disciplined groups 13 
and the method he used most in class was 
lectures 38. He believed in hard work and 
long hours for himself 61, he assisted his 
students in after school science activities 91, 
he gave students opportunities to organize 
and lead group science activities 66, he in- 
vented scientific or science teaching devices 
22, acted as a sponsor of their science clubs 
69, but did not discuss “the great scientists.” 
He was quite professional for he communi- 
cated with scientists 39, and belonged to 
professional organizations 47. In spite of 
all this he had time and energy for an after 
school job 22, and a hobby >). 

Decision to Be 


scientist decided to be a scientist while /ic 


t Scientist. The potential 


was still in elenventary school 44, because 
he had a natural aptitude for it 41, it was 
so interesting 35, and he could extend thi 
boundaries of human knowledge 43. 


CONCLUSIONS 


Reasons for Separate Conclusions. There 
are over a hundred items in the portrait of 
the potential scientist. The portrait is a 
complicated one. Thus, each general cate- 
gory of the portrait has been reduced to a 
few general characteristics. They have been 
developed by combining and consolidating 
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several items in the category to a single 
quality. 

Personality. Leaders in science, curious, 
anti-social, tenacious and intellectually com- 
plex. 

Attitudes and Opinions. Not iconoclastic 
rebels, rational, scientific in outlook, sus- 
pended judgment, self-critical. 

Interests. 


scholarly, mechanical and scientific activi- 


Preferred reading, solitary, 


ties. 

Activities. Not gregarious, scholarly, 
active and competitive in science. Their 

tivities were wide in science. 

Family History. Stable, cultured, edu- 
cated, economic advantages. Urban, demo- 
cratic, permissive. First born son with 
ample facilities, time and encouragement 
for self development in science. 

Associate. Strongly influenced by scien- 
tific associates, scientific friends and con- 
tact with a scientist. Public school. Recog- 
nized interdependence in science. 

Science Teacher. Inspirational person, 
good personality, well trained, experienced 
and educated. Set good example, gave stu- 
dents opportunity for self development, pro- 
fessional, permissive and progressive. 

Decision to Be a Scientist. In elementary 
school, natural aptitude, interesting with 
humanitarian usefulness. 

Review. Capacity, interest, freedom, and 
scientific influences. 

Characteristics of Potential Engineers. 
The portrait appearing below describes 
those characteristics and background factors 
of 110 Honorable Mention Winners of the 
Science Talent Search who have chosen 
engineering as their profession. These 
items are significantly different at the five 
per cent level from those characteristics 
and background factors of their contempo- 
raries in general education. The portraits 
were developed like those in other studies 
by grouping significant items under related 
general categories. The number following 
each item shows the percentage of the group 
that responded positively to it. 
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OccUuPATIONAL CHorces 110 ENGINEERS 


Honorable Mention 


Title of the Chosen Occupation 


Engineer, electrical 
Engineer, electrical unspecialized 15 
Engineer, electrical electronic 16 
Engineer, electrical auto control 5 
Engineer, chemical 

Engineer, mechanical 

Engineer, aeronautical 

Engineer, physics (combined ) 
Engineer, nuclear 

Engineer, unspecialized 

Engineer, architectural 

Engineer, industrial 

Engineer, civil 

T 


“ngineer, geological 


Totals 


NCE STUDENTS 15 
TABLE V 
No. Sub. No. 
Per Cent Total Per Cent 
36 32 7 
13.6 
14.5 
4.5 
»9 6.4 
9 8.2 
9 & 2 
8 re 
5 4.6 
5 4.6 
3 ey 
3 2.7 
2 1.8 
] Y 
10 yt) 


Personality. The potential engineers ap- 
peared to be /eaders, for they enjoyed being 
group leaders in science 69, they liked to 
assume responsibility 80, to organize and 
lead field trips 64, hold office in a science 
club 42, or be elected an officer in student 
government 43. They were se/f-disciplined 
and had good control of themselves, they 
did not attempt more than they could com- 
plete 72, made a determined effort to always 
be punctual 75, did not depend on their 
own memories to be usually reliable 58, did 
not dislike hard work and long hours on 
self assigned tasks 88, did not have occasion 
to regret losing their tempers 61. They 
were serious minded, practical, and ma- 
ferialistic, they: did not find people calling 
them daydreamers 70, did not have dates 
with girls as often as twice a week 93, did 
not want to be like athletes 94, but they 
liked to solve mental puzzles and riddles 
84, usually sought causes for all effects 72, 
and they had a lively curiosity about the 
natural world 89. 

Attitudes and Opinions. The potential 
engineers have an attitude of suspended 
judgment for though they usually persisted 
tenaciously on a job to its completion 85, 
they quickly changed their opinion if proved 
wrong 78, and they consciously separated 
their judgments from their likes 78. They 


) 


are not solitary and self assured in their 


utlook for while.they always gathered theit 


~ 


] 


own facts 37, they got real help in science 


2, and did not conclude 


from someone else 7 
that a person is responsible to himself alone 
90. They believed in no superstitions 91, 
did not participate in the usual games of 
chance 59 and did not let events of chance 
plan their lives 78. They are not agnostic 
or atheistic, for they do not question the 
soundness of religion 49 and willingly go 
to church twice a week or more 88. Their 
social views on the application of science 
is a bit unusual for they question the use 
to which science is put 77, decided that 
scientists and science students were so 
scarce and so valuable that they should not 
be drafted for military service but kept in 
their scientific work or study 56, but at the 
same time scientists should not ignore pro- 
motions 96. 

Interests. 


engineers are rather narrow and specialised, 


The interests of the potential 


They are partly mechanical such as an in- 
terest in radio-ham operating 76, hi-Fi and 
radio set building 81, handwork, crafts and 
carpentry 89, mechanics, tinkering and re- 
pairing 92, model building, boats and planes 
76, photography 87. It is partly scientific 
such as an interest in reading science 97, 


science fiction 69, inventing 95, and science 
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studies on projects 95. It is not surprising 
to find that they are also interested in 
scholarly things such as a study of courses 
in school 79, playing chess 73, outdoors 
life in scouting activities 74, and astronomy 
83. 
Activities. The activities of the potential 
engineers are the behavioristic expression 
of their attitudes and opinions, interests, 
and personalities. They had some general 
social characteristics such as membership 
in non-scientific clubs 90, elected officer in 
student 
publications 59, 


government 43, work on school 
membership in four to 
eight clubs, committees and societies 57, 
but no athletic team membership 51. There 
are some activities that reveal their scholarly 
characteristics such as belonging to an 
honor society 82, never failing a course 93, 
never expelled for disciplinary reasons 97, 
accumulated less than a total of a month’s 
absence during high school career 85, on 
the honor roll 100 per cent of the time 77, 
and received marks that averaged A— to 
A+ 81. 
marks in English 97 or their worst in Math- 
ematics 94, which they liked 91. As ex- 


They failed to make their best 


pected most of their activities were im 
science where they were officers of science 
clubs 42, belonged to Science Clubs of 
America 30, Junior Academy of Science 19, 
and scientific societies 55. They spent time 
regularly each week in after school science 
studies 46, where they planned experiments 
and did them themselves 80, performed 
some high grade scientific research 24, im- 
proved a scientific method or device 32, 
invented something scientific 28, published 


a scientific or other article 15. These ac- 
tivities usually led them to compete in sci- 
ence fairs 34, or congresses 22, competed 
for prizes in science 74, which they won 
58, and a part time job in science 18. In 
the classroom during school hours they 
acted as teaching assistants 39, gave 
lecture demonstrations 57, helped operate 
audio-visual aids 59, led and organized 
field trips 20, went on field trips 64, and 


visited scientific industry 65. 
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Factors That Were Found in Their 
Backgrounds 

Family History. 

was the first born child 69 and had no 


brothers 55. 


The potential engineer 


Among his older relatives 
were some scientists 26 and teachers 53, but 
no musicians 80. His mother was born in 
America 85, had a college or post graduate 
degree 36, had earned the admiration and 
respect of her son by her achievements 82 
did not the family 23. His 
father had a post graduate degree 20, was 


and “boss” 
an employer managing his own business 37, 
his son admired and respected his father’s 
achievements 84, and the father did not 
“boss” the family 25. The family provided 
a stable, comfortable, and stimulating home. 
The principle residence was in a city of a 
million or more 26, during high school the 
family did not move or cause the student 
to change schools 89. The family bought 
six to ten magazines each month 52, there 
was usually a home workshop or laboratory 
63, adequate workshop or laboratory facili- 
ties were available 57, a place to study sci- 
ence at home 69. The student had time to 
study and work in science, for he had leisure 
time to study science 86, and almost enough 
time to study science at home 75, did not 
have an after school job 55. The family) 
highly praised and respected science 61 and 
strongly supported the potential engineers 
plans for a career in science 74. 
Associates. While the potential engineer 
read he found that newspaper or magazine 
articles could influence him toward a caree? 
in science 40, and that books gave him in- 
spiration and encouragement to be a sci- 
entist 81, his greatest social influence came 
from his associates. He had chums who 


wanted to be scientists 79, and he had 
friends who let themselves be led in group 
science activities 32, there were older stu- 
dents who helped, guided, and encouraged 
him in his science activities 38. Even 
though he thought that he directed himself 
did 


personally know a scientist 43, and worked 


like a “lone wolf’? in science 30, he 
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with a scientist 18, and tried to behave like 
a scientist 38. 

The Science Teacher. The science teacher 
of the potential engineer quickly gained his 
admuration and respect 83, he had a good 
sense of humor 92, was fun to be with most 
of the time 78, and enjoved his job ot 
teaching 92. He was using. his greatest 
ability as a science teacher 52 and had a 
hobby 54. Probably the admiration and 
respect were based on the fact that the 
science teacher believed in hard work and 
long hours for himself 64, he stayed after 
school and assisted students in their sci- 
ence activities 91, he gave them opportuni- 
ties to lead and organise group activities 
in science 70, acted as sponsor for science 
clubs 76. In his classes he used lectures 
as his principle teaching method 35 but 
never discussed “The Great Scientists,” 
48. He was a practical man who had an 
after school job 23, and invented scientific 
He con- 
tacted his professional world by communi- 
cating with teachers from other schools 
56, with other scientists 38, and membership 
in professional organizations 43. 

Decision to Be a Scientist. The potential 


or science teaching devices 25. 


engineer decided on a scientific career when 


TABLE VI 


OccUPATIONAL CHOICES 
Honorable 


Sub-Total 


Title of the Chosen Occupation No. 
Chemist—research 5 
Chemist—general 9 
Biologist—research 13 
Biologist—general 5 
Physicist—research 4 
Physicist—general ] 


Scientists total of the above 
Physician—research 9, practice 1 
Teacher 

Medical services 

Undecided 

Writer-journalist 

Psychologist 

Homemaker 

Home Economics 

Lawyer 

Agriculture 

Historian 
Totals 
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he was in high school 29, because he had a 
naturai aptitude for it 48, and it was so in- 
teresting 39. He felt he could grow and de- 


velop working on important problems 27, 


CONCLUSIONS 


Reason for Separate Conclusions, There 
are over a hundred items that build the 
portrait of the potential engineer. The 
portrait is a complicated one, so each 
general category of the portrait has been 
reduced to a few general characteristics. 
These have been developed by combining 
and consolidating several items in the cate- 
gory to a single quality. 

Personality. 


Leaders, self disciplined, 
self controlled and self critical. Serious 
minded and practical, curious - 

Attitudes and Opinions. Suspended 
judgment, neither solitary nor self assured, 
rational, religious, believe science can solve 
social problems. 

Interests. Narrow and specialized into 
mechanical, craftsman, shop interests. Some 
interest in scholarly and scientific things 

Activities. Some social life, scholarly 
pursuits, scientific, mathematical, competi- 
tion in science world, helped science teacher 

Family History. First born son, older 


83 WomMEN OF SCIENCE 


Mention 


Ni 
Per Cent Total Per Cent 
6.0 
10.8 
15.0 
6.0 
4.8 
e- 
37 44 
10 12.1 
wf > 
: 7? - 
| 1 > 
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relatives in science and education, strong 
mother influence, family democratic and 
business, home 


permissive. Father in 


stable, comfortable, urban, cultured, eco- 
nomic advantage, time and opportunity 
for scientific development. 

Associates. Books and associates very 


influential in science. Stimulated and en- 
couraged by a scientist and friends in sci- 
entific activities. 
Science Teacher. Admirable person, set 
good example, permissive, practical, pro- 
fessional and democratic. 
Decision to Be a Scientist. Reached de- 
cision in high school, because of natural 
aptitude, interest, and he could grow and 
develop working on important problems. 
Review. The potential engineer developed 
because of capacity, interest, freedom and a 
practical mechanical setting. 
Science. 


Characteristics of Women in 


The portrait appearing below describes 
those characteristics and background fac- 
Honorable 
Talent 


Search (and referred to as women in sci- 


tors of 83 women who were 


Mention Winners in the Science 
ence) which are significantly different at 
the five per cent level from those charac- 
teristics and background factors of their 
The 


portrait was developed by grouping sig- 


contemporaries in general education. 


nificant items under related general cate- 
gories. The number following each item 
shows the percentage of the group that re- 
sponded positively to the item. 
Personality. The women in science were 
leaders for they liked to assume responsi- 
bility 84, enjoyed being a group leader in 
science 71, liked to organize and lead field 
trips 11. They were self disciplined, and 
in good control of themselves, for they made 
a determined effort to always be punctual 
75, did not depend on their own memory as 
being unusually reliable 36, never had oc- 
casion to regret losing their temper 49, 
found that they were quite critical of them- 
selves 86. This self discipline and control 
applied also to their work, for they liked 


to work long and hard on self assigned 
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tasks 93, and usually persisted tenaciously 
on a job to its completion 77. They gen- 
erally kept their thoughts to themselves, 
for though they liked daydreaming 79, they 
didn’t find people calling them daydreamers 
71, and they found it easy to keep a secret 
85. They had a high degree of curiosity 
about the natural world 95, they liked to 
solve problems and riddles 84, and found 
that an unanswered question disturbed them 
91. They tried to satisfy their curiosity for 
they sought causes for all effects 75, and 
tried to solve social problems by a science- 
type procedure 53, this did not extend to 
gambling for they never gambled in the 
usual games of chance 83. They preferred 
the complex to the simple things for they 
preferred symbolic to realistic art 43 and 
classical to jazz music 68. 
Attitudes and Opinions. 
science had confidence that scientific pro- 
were the best 
truths, for they believed in no superstition 


The women of 


cedures ways to discover 
94, never made a decision based on a hunch 
31, consciously separated their judgment 
from their likes 78, and always gathered 
their own facts 38. They had a high re- 
spect for scientists and their ways and ac- 
complishments, for they had a scientist for 
their personal hero 22, and they tried to 
behave like scientists 37, questioned the 
use to which science is put 77, decided that 
scientists should work in science and ignore 
money 40, but should not ignore promotions 
96. These women in science were not icono- 
clastic rebels for they always respected civil 
law even though the laws might appear to 
be silly 75, and enjoyed free competition 
if the rules were obeyed 94. Finally their 
attitude toward religion was in harmony 
with their respect for civil law, ethical and 
moral custom for they went to church twice 
a week or more 24, did not feel that they 
had no time for religious acts 81, and never 
questioned the soundness of religion 47. 

Interests. The women in science present 
an interest pattern that is wide, social, do- 
mestic, scholarly, and creative. Itisa type 
of interest pattern that almost meets the 
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full requirements of the ideal American 
woman, In social interests we find her 
interested in club meetings 89, dancing 92, 
community service on local committees 67, 
community service with children 84. In the 
lomestic scene she is interested in house- 
hold arts 7&8, gardening 71, raising pets 85, 
crafts and handiwork 83. In recreation 
she like nature walks 94, long distance hikes 
86, short walks 99, photography 86, day- 
dreaming 79, visiting zoos 73, and museums 
79. Her scientific interests take the form of 
science studies on projects 90, study of 
courses for school 92, study of mathematics 
84, and astronomy 79. She has an artistic 
side that shows in her liking of the theater 
as a spectator 100, or participant 71, paint- 
ing 86, sculpture 71, and listening to clas- 
sical music 96. Her reading is wide and 
covers science 98, regular fiction 94, regu- 
lar non-fiction 95, but not reading about 
sports 59. All considered she would make 
an ideal wife for a scientist, engineer, or a 
professional person. 

Activities. The woman in science is a 
person of many activities that are the ful- 
fillment of her wide pattern of interests. 
Although some are not scientific but social, 
for instance, she was a member of non-sci- 
entific clubs 97, member of a drama group 
40, worked on a school publication 72, 
and published an article, scientific, or other- 
wise, 17, was not a scout 69, or a member of 
an athletic team 62. She did belong to 
agricultural clubs 11. She enjoyed being 
a leader and demonstrated this by organiz- 
ing and leading field trips 11, election as an 
officer in student government 38, and in 
science clubs 38. She was a scholar of 
unusual distinction as shown by the follow- 
ing activities: she acted as a teaching as- 
sistant 36, gave lecture demonstrations 42, 
was a member of an honor society 77, was 
never expelled from school for discipline 
99, never failed a course in high school 
100, accumulated less than a month’s ab- 
sence while in high school 23, on the honor 
roll 100 per cent of the time 75, earned 
grades ranging from A— to A+ regularly 
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85, did not earn her best grades in English 
15, or her poorest in Mathematics 12, In 
science activities she regularly spent time 
after school each week in science studies 42, 
went on field trips 59, planned an experi- 
ment and did it herself 75, performed high 
grade scientific research 28, competed in 
science fairs 32, and science congresses 19, 
entered science contests for prizes 66, which 
she won 64, belonged to Science Clubs of 
America 46, and Junior Academy of Science 


22, also to scientific societies 69. 


Some Factors That Were Found in Her 
Background 

Family History. The family had cultural 

standards of convenience, stimulation, and 

imitation. The mother had a college or 

23 and the student 

adimired and respected her mother’ s achieve- 


post graduate degree 


ments 81. The father had a post graduate 
degree 21, but was not a business man 69. 
Among the older relatives there were teach- 
ers 58 and scientists 42. The student had 
no sisters 61. The father did not “boss” 
the family 70, the family highly praised and 
respected science 60, they lived in a city ot 
a million or more 32. The student had 
adequate workshop or laboratory facilities 
available 61 and did not have an after school 
job 29 or a vacation time job 77. 
Associates. The woman in science con- 
cluded that she was not responsible to her- 
self alone 12, and she received real help in 
science from someone else 76. She knew 
older students who helped, guided, and en- 
couraged her science activities 34, she had 
friends who let her organize and lead group 
science activities 34. She considered that 
she directed herself like a “lone wolf” in 
science 24, but received considerable help 
from friends who were scientists 26, and 
also relatives who were scientists 22. She 
personally knew a scientist 59, and worked 
with a scientist 29. She felt that of all 
people her science teacher gave her the 
most inspiration and encouragement 57, and 
that books gave great inspiration and en- 
couragement 90. Perhaps it was all these 


influences that led her to conclude that she 
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herself was least to blame for her failure 
to achieve more than she did in science 78. 
The Science Teacher. 


most influential in her career preparation. 


This is the person 


Her science teacher quickly gained her ad- 
miration and respect 88, and became almost 
a second parent 38. This was in part be- 
cause the science teacher had a pleasing 


personality 96, was fun to be with most of 


the time 90, had a good sense of humor 92 


was patient and understanding 92, and 
did not get angry and lose her temper 95, 
was clear and expressive in conversation 
92, was not a male 41, and gave help on 
confidential problems 46. She seemed to 
enjoy teaching 78, had ambitions related 
to the career of a science teacher 53, and 
had a hobby 59. Specifically she was quite 
scientific in her behavior and appeared to 
be adequately trained to teach science 99 
for she had a master’s degree 44. She 
maintained her contacts and belonged to 
professional organizations 41, communi- 
other SO, 

She appeared to have enough 
time to teach well 95, and she believed in 


cated with teachers and some 


scientists 52. 


hard work and long hours for herself 70, 
and for her students 81, so she stayed and 
assisted students in after school science ac- 
tivities 94, gave the students an opportunity 
to organize and lead group science activities 
78, acted as sponsors of science clubs 75, 
invented scientific or science teaching de- 
vices 18. In her classes while lectures were 
her principle teaching method, her phi- 
losophy was not to teach facts to disciplined 
groups 92. 

The Be a Scientist. The 
woman in science found that she could help 


Decision to 


extend the boundaries of human knowledge 


32. She would be able to explore the un- 
known 38, had a natural aptitude for it 24. 
The decision came to her while she was in 


h igh school 40. 


CONCLUSIONS 
Reasons for Separate Conclusions. There 
a hundred items that build the 


are over 


portrait of women in science. The portrait 


is a complicated one, so each general cate- 
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gory of the portrait has been reduced to a 


few general characteristics. These have 
been developed by combining and consoli- 
dating several items in the category to a 
single quality. 
Personality. Leaders, _ self-disciplined, 
persistent, curious, solved social problems 
with science, intellectually complex. 
Attitudes and Opinions. 


pirical, respected science and scientists, law 


Rational, em- 
and order. Religious. 
Interests. Wide, social, scholarly, crea- 
tive, domestic, scientific, artistic, and lit- 
erary. 
Activities. Scientific, social, scholarly, 
literary and dramatic. Active in school life. 
Light activities in science compared to men. 
Family History. Mother influence strong 
and admirable. and teachers 
among relatives, family urban, democratic, 


Scientists 


with economic advantages and adequate 
facilities for study. 

Associates. Strongly influenced by sci- 
entific associates, scientific activities with 
friends and a scientist. 
very influential. 
Teacher. A admired 
and respected, a mother figure, pleasing 
personality, enjoyed teaching, scientific, well 
educated and trained, professional, set a 


300ks and teacher 


Science woman, 


good example, permissive, progressive and 
democratic. 
Decision to Be a Scientist. 


cision 


Reached de- 
in high school, natural aptitude, 
could explore the unknown, extend the 
boundaries of human knowledge. 

Review. The women in science developed 
because of a background of capacity, in- 
terest, freedom and social maternalism. 

Characteristics of Potential Professional 
People. The portrait appearing below de- 
scribes those characteristics and background 
factors of 72 Potential Professional People 
who were Honorable Mention Winners of 
the Science Talent Search. These charac- 
teristics are significantly different at the 
five per cent level of confidence from similar 
items in their contemporaries in general 


education. The portrait was developed by 
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TABLE VII 
OccuPATIONAL CHOICES—72 PROFESSIONAL PEOPLE 


Honorable Mention 


Title of the 


Chosen Occupation No. Total Per Cent 
Physician in practice 39 54.2 
Undecided 12 16.7 
Theologist 4 5.6 
Lawyer 3 4.2 
Writer-journalist 3 4.2 
Entertainer (radio-TV ) 3 4.2 
Business 3 4.2 
Musician 2 2.8 
Coach ] 1.4 
Psychologist ] 1.4 
Politician ] 1.6 
Totals 72 100 


grouping significant items under related 
categories. The numbers following each 
item show the percentage of the group that 
responded positively to the item. 

Personality. The professional people 
had characteristics of leadership, for they 
liked to assume responsibility 71, enjoyed 
being a group leader of science activities 
75, led and organized field trips 17, and 
held office in science clubs 34. They had 
self control for they did not find it difficult 
to keep a secret 92, did not regret ever 
having lost their tempers 46, liked long 
hard work on a self assigned task 87, and 
persisted tenaciously on a job to its com- 
pletion 60. They had a native curiosity 
for they had a lively curiosity about the 
natural world 97, found that an unanswered 
question bothered them 95, and they usu- 
ally sought causes for all effects 85. They 
appeared to be conservative for they pre- 
ferred the usual to the new 19, did not 
find people calling them daydreamer 35, 
preferred classical to popular music 60, 
did not have prearranged dates with the 
opposite sex as often as twice a week 10, 
enjoyed free competition if the rules were 
obeyed 92, and willingly went to church 
twice a week 25. 

Attitudes and Opinions. They were fac- 
tual and materialistic, for they did not be- 
lieve in any superstitions 90, never let 
events of chance plan their lives 78, did 
not bet in the usual games of chance 64, 
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never made a decision based on a hunch 
&5. They practiced suspended judgment 
for they consciously separated their judg- 
ments from their likes 78 and quickly 
changed their opinion if proved wrong 83. 
They were social minded and knew the 
value of people for they concluded that a 
person is not responsible to himself alone 
86, and they get real help from other people 
75. They believed that they themselves 
were not the most to blame for their failure 
to achieve more in science 22. They had a 
great respect for science and scientists, for 
they decided that scientists and science 
students were so scarce and so valuable that 
they should not be drafted for military 
service but kept in their scientific work 
and study 63. They did not think scien 
tists should ignore promotions 96. They 
questioned the use to which science was 
put 75, and they thought that people should 
be studied with nothing held too sacred to 
be studied by men of science 51. 
Interests. The interests of the potential 
professional people seemed to be positive 
and in activities that were creative, ma- 
terialistic, and verbal but they demonstrated 
a disinterest in activities that were essen 
tially fine arts. Thus they were interested 
in writing stories or articles 95, club meet- 
ings language study 90, listening to jass 
music 96. They were disinterested in read 
ing regular fiction 84, watching television 
50, radio-ham operating 79, seeing movies 
44, painting 53, reading science fiction 87, 
playing music 47, public speaking 60, lis- 
tening to the radio 74. They were inter- 
ested in these scientific materialistic activi- 
ties: mechanics, tinkering and repair 81, 
science studies on projects 88, astronomy 
87, nature walks 90, reading science 93, 
hi-Fi and set building 70, making movies 
90, photography 86, inventing 85, zoo study 
81, museum study 74, and mathematics 88. 
Activities. In view of the close relation- 
ship that exists between interests and ac- 
tivities, it is not surprising that the follow- 
ing activities are prominent and frequent 


in the lives of the potential professional 
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people. In the classroom they helped op- 
erate audio-visual aids 63, gave lecture 
demonstrations 71, acted as a teaching as- 
sistant 49, went on field trips 68, visited 
science museums 88, visited scientific in- 
dustry 64, spent time each week, after 
school, regularly doing science studies 54 
or publishing either a scientific article or 
otherwise 19, or inventing something sci- 
entific 22, improving a scientific method or 
device 28, planning an experiment and do- 
ing it 89, performing some high grade re- 
search 40. As a result of these activities 
they competed in science congresses 18 or 
science fairs 25, in science contests for 
prizes 69, which they won 65. Finally they 
showed their work and compared their 
notes with other students in such organiza- 
tions to which they belonged as Science 
Clubs of America 39, Junior Academy of 
Science 28, scientific societies 75. They 
held office in science clubs 3, joined a 
non scientific club 97, and were elected to 
student government, but they were not 
members of athletic teams 57. They were 
elected to honor societies because they were 
scholars as is shown in the following: They 
were never expelled from school for disci- 
pline 100, maintained an academic average 
of A— to A+ 88, were on the honor roll 
100 per cent of the time 74, but did not 
earn their best grades in English 89, nor 
their worst in Mathematics 92. They were 
members of four to eight clubs, committees 
and societies 51. 


Factors That Were Found in Their 
Backgrounds 


Family History. Among their older rela- 
tives there were scientists 35, and teachers 
56. The family tongue was English 97. 
The mother was born in America 86 and 
had a college or post-graduate degree 20. 
She earned the admiration and respect of 
her son by her achievements 81. The 
father had a post-graduate degree 30, and 
was not a business man 72, he did not 
“boss” the family 68. The student was the 


first born 64, with no brothers 50. The 
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principal residence was a city of a million 
or more 36. During high school years the 
family bought six to ten magazines pei 
month 46, were strongly in favor of the 
student's plans for a scientific career 63, 
and indicated that they highly respected 
and praised science 67. Time, opportunity, 
and facilities to study science were avail- 
able, for the student had leisure time to 
study science 86, had no after school job 
44, had an adequate workshop or laboratory 
available 71, a well equipped science lab 
to use 74, or a place to study science at 
home 75. 

Associates. There were family friends 
who were scientists 36, they personally 
knew a scientist 60, and worked with a 
scientist 39. They had a scientist as a 
personal hero 17, and tried to behave like 
a scientist 30. They had chums who wanted 
to. be scientists 36 and who let them lead 
or organize group science activities with 
them 46. They found older students who 
helped, guided, and encouraged them in 
their science activities 32. Of all public in- 
formation media, books gave them the 
most encouragement in their plans to be a 
scientist 81. 

The Science Teacher. Of all people, the 
science teacher gave the student the greatest 
encouragement and inspiration in his plans 
to be a scientist 39, and he quickly gained 
the student’s admiration and respect 86. 
He had a pleasant personality, he was fun 
to be with most of the time 89, and he gave 
the student help on personal, confidential 
problems 40. In the formative stages of 
his background, the science teacher was 
trained to be a scientist before he became 
a teacher 44, he worked in business before 
he became a teacher 22, and appeared to 
have adequate training to teach science 99 
It appeared that he had ambitions related 
to his job as a teacher 49, and he used his 
greatest ability as a science teacher 61. He 
was professional in his behavior, for he 
belonged to professional organizations 40, 
communicated with other teachers 58, and 


with scientists 56. He appeared to have 





el 


oan, 


e 


d 





FesruaAry, 1956j 


enough time for he had a hobby 67, and 
had time enough to teach well 96. He 
stayed after school and assisted students 
in science activities 77, acted as sponsor 
of their science clubs 78, and gave the 
students time to lead and organize group 
science activities 77. In spite of the time 
demands of his students, he still had time 
enough to invent scientific or science teach- 
ing devices 17, and to hold an after school 
job 20. 

Decision to Be a Professional Person. 
The decision came when the student was 
in elementary school 23. He decided on 
this career because he had a natural apti- 
tude for it 44, it was so interesting and he 
liked to explore the unknown 72, also he 
could thus extend the boundaries of human 
knowledge 29. 


CONCLUSIONS 

Reasons for Separate Conclusions. There 
are over a hundred items that build the 
portrait of the potential professional per- 
son. The portrait is a complicated one, so 
each general category of the portrait has 
been reduced to a few general characteris- 
tics. These have been developed by com- 
bining and consolidating several items in 
the category to a single quality. 

Personality. Leaders, self-controlled, 
persistent, curious, conservative, religious. 

Attitude and Opinions. Factual, rational 
and empirical. Suspended judgment, so- 
cial minded, respect for science and _ sci- 
entists. 

Interests. Creative, mechanical, verbal. 
disinterested in the fine arts, liked journal- 
ism, popular music, social activities, sci- 
entific activities and nature study. 

Activities. Science in school, scholarly, 
journalistic, competition in science, gre- 
garious in science. 

Family History. First born son, scien- 
tists and teachers among relatives, admired 
mother and father, democratic home, urban, 
educated, cultured, permissive, economic 
advantages, time for self-development. 

Associates. Strongly influenced by sci- 


entific associates, knew a scientist, chums 
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wanted to be scientists, books very influen- 
tial. 

Science Teacher. Father figure, pleasant 
personality, admired and respected, trained 
to be a scientist, wide experience, profes- 
sional, adequate for his task, permissive, 
democratic, progressive, energetic imagina- 
tion. 

Decision to Be a Scientist. Reached a 
decision in elementary school, natural apti- 
tude, interest, chance to explore the un- 
known, and extend human knowledge. 

Review. The potential professional per- 
son developed because of capacity, interest, 


freedom and literary social influences. 
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WHAT ADMINISTRATORS WANT IN THE TRAINING OF 
SCIENCE TEACHERS AND THE ACTUAL TRAINING 
OF BEGINNING SCIENCE TEACHERS IN THE 
STATE OF ILLINOIS * 


, T. A. NELSON 
Lyons Township High School, La Grange, Illinois 


I’ the past, the competence of teachers in 
the fields of science has been measured, 
to a large extent, by the number of semester 
hours of training completed. But by to- 
day’s standards, which seem to define more 
broadly the role of a teacher in school and 
community life, subject-matter competence 
would appear to be only one of many 

* Based on the author’s thesis “Competencies 
Desirable for Beginning Science Teachers as 
Viewed by Administrators and Science Teachers 
in the State of Illinois” submitted in partial ful- 
fillment of the requirements for the Ph.D. degree 
at the University of Illinois. Presented at the 
Twenty-Seventh Annual Meeting of the National 
Association for Research in Science Teaching, 
Hotel Sherman, Chicago, March 30, 1954. 


competencies necessary for the science 
teacher’s success. 

There is strong disagreement often 
among faculty members in teacher training 
institutions as to the nature of the prepara- 
tion which will best fit prospective science 
teachers for their work. Staff members 
from various subject matter fields often 
fail to find a common ground with staff 
members from the education departments 
on questions of emphasis, degree of special- 
ization, variety and extent of coverage of 
science and other fields necessary to the 
student teacher’s program. At least some 
of this disagreement may result from lack 
of information about the kinds of problems 
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which confront the beginning science 
teacher on his job. Therefore, it is be- 
lieved that all departments concerned with 
teacher training would profit from a greater 
knowledge of what is actually expected of 
the novice teachers they are sending into 
the field. 

This inquiry has attempted to determine 
the competencies desirable or necessary 
for the science teacher in his first years of 
work as seen by (1) the beginning science 
teachers of Illinois and (2) the adminis- 
trators who hire them. The following dis- 
cussion deals only with the results obtained 
from a study of the opinions of secondary 
school administrators of Illinois. 

It is assumed that, by virtue of ‘their 
positions as employing officers, high school 
administrators will have certain conceptions 
as to the kind of training necessary for the 
science teacher in carrying out his part 
in a total school program. As a result of 
first-hand observation, administrators will 
have an idea of the relation between in- 
adequate training and the consequent diffi- 
culties this presents both for the school and 
the individual science teacher. Thus, 
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teacher training institutions would be in- 
terested in the insights and opinions of high 
school administrators regarding the type of 
preparation which should be incorporated 
into the training program for science 
teachers. 

The administrators of Illinois who were 
used in this study were selected by taking 
every third one on the University of Illinois 
Mailing Service list. This list comprised 
1,281, of which 427 were asked to coop- 
erate. Two hundred ninety-five of the 427 
responded by filling out and returning 
completed questionnaires. These 295 rep- 
resented schools ranging in enrollment 
from less than 100 students to more than 
1,000. This was about a seventy per cent 
response of all of those polled for the study. 

The inventory used in this study pro- 
vided opportunity for the respondents to 
indicate whether each listed competency 
should be considered as: (1) a minimum 
essential in the training program; (2) im- 
portant and to be included in the training 
program, if possible; or (3) not important 
in the training program. In addition, space 
was provided for the respondent to write in 


TABLE I 
JupGmMents or H1GH ScHooL ADMINISTRATORS REGARDING THE IMPORTANCE OF VARIOUS 
COMPETENCIES IN THE AREA OF CLASSROOM TECHNIQUES IN THE SCIENCE 
TEACHER TRAINING PROGRAM 


Competencies in Classroom Techniques 


. Classroom management and organization. 
. Planning units of work ina 
particular teaching field. 
. Ability to plan and perform 
science class demonstrations. 
4. A wide range of teaching techniques. 
. Aiding students to select and 
work out projects in connection 
with the science work. 
. Directing students in how to use 
the library and resources of the 
school and community. 
7. Constructing various kinds of tests 
for measuring progress of students. 
. Planning and conducting field trips. 
. Selecting audio and visual aids for his 
science classes and operating the neces- 
sary machines to use them. 


~ =) on w No 


oe 


Per Cent of Administrators 
Who Think Each Competency 


Isa Is Important May be 
Minimum Include if Left 
Essential Possible Out 

. 88 12 0 

80 18 1 

ae) 7 

4a al 

55 40) 5 

44 50 6 

43 52 4 

42 48 10 

50 56 8 

36 58 6 
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additional competencies which he then could 
rank in importance as indicated above. 
The competencies listed were placed 
under one or the other of seven headings 
in the questionnaire: (1) Classroom Tech- 
niques, (2) Professional Responsibilities, 
(3) Application of Science to General Edu- 
cation, (4) Understanding Boys and Girls, 
(5) Other Aspects of Professional Train- 
ing, (6) Training in the Subject Matter 
of Science, and (7) Student Teaching. 
The sixth category (Training in the Sub- 
ject Matter of Science) employed a dif- 
ferent technique for securing responses 
than indicated above. Five patterns of 
possible subject matter preparation were 
listed and the respondents were asked to 
rank these patterns in order of their prefer- 
ence. In addition, the respondents were 
asked to rank three patterns of student 
teaching according to their preference. 


TRAINING IN CLASSROOM TECHNIQUES 


A list of nine elements in classroom tech- 
niques was submitted for the adminis- 
trators’ judgment. Out of this list (Table 
I) more than half of the administrators 
responding judged the following competen- 
cies to be minimum essentials for sound 
science teaching and thus necessary in the 
training program for science teachers: 

(1) Competence in classroom management and 

organization. 

(2) Ability to plan units of work in a particulat 

teaching field. 

(3) Ability to plan and perform science class 

demonstrations. 

(4) Ability to employ a wide range of teaching 

techniques. 
Number (1) above was, however, the only 
technique considered by all the administra- 
tors as so important that it should not be 
left out of the training program. Less than 
half of the respondents chose the remaining 
five competencies as minimum essentials in 
science teacher training. Nevertheless, it 
is worth noting that in the case of every 
one of the nine classroom techniques listed 
in the questionnaire, at least ninety per 
cent of the administrators judged the com- 
petencies worthy of inclusion in the train- 
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ing program if possible even if not as mini- 
mum essentials. No write-ins were offered 
by the respondents for his section of the 
questionnaire. 
TRAINING FOR PROFESSIONAL 
RESPONSIBILITIES 

The professional responsibilities of the 
science teacher embrace his activities as a 
professional person. They have to do not 
only with the way he discharges his daily 
tasks of teaching and handling science ma- 
terials, but also with the degree to which 
he keeps himself abreast of current trends 
and developments in his science field. It 
is clear that the professionally alert young 
science teacher can offer much to the school 
in which he works, both in the classroom 
and as a staff member. 

The responses to a list of six elements 
of competence in the area of professional 
responsibilities revealed that from one-half 
to two-thirds of the administrators con- 
sidered it necessary for prospective science 
teachers to be equipped with the following 
three competencies : 

(1) Knowledge of the proper care and storage 
of science materials and equipment. 
Ability to select and specify accurately th: 
science materials necessary to the teaching 
of a particular course. 

Ability to keep in touch with and to locate 


information on recent developments in sci- 
ence. 


to 


we 


No more than four per cent of the ad- 
ministrators believed that any one of these 
competencies should be left out of the train- 
ing program. 

It is to be noted when the responses of 
the administrators asserting that all of 
these competencies (Table Il) to be mini- 
mum essentials are combined with the re- 
sponses of those who ask that they be in- 
cluded if possible, we find that seventy per 
cent or more of the respondents believed 
that each should be developed in the train- 
ing program. 

TRAINING IN THE APPLICATION OF SCIENCE 
TO GENERAL EDUCATION 
Nine skills or understandings which a 


teacher might need in applying science to 
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TABLE II 
JuDGMENTs oF HIGH SCHOOL ADMINISTRATORS REGARDING THE IMPORTANCE OF VAR 


COMPETENCIES IN THE AREA OF PROFESSIONAL RESPONSIBILITIES 
ScrENCE TEACHER TRAINING PROGRAM 


Per Cent of Administrator 


Who Think Each Competency 


Isa Is Important 


Competencies in Professional Minimum Include ii 


Responsibilities Possible 


Essential 


Proper care and storage of scientific 

materials and equipment 68 30 
Ability to select and specify accurately 

the science materials and equipment neces- 

sary to the teaching of a particular course. 63 34 


. Ability to keep in touch with, and to 


locate information on, the most recent 
developments in science. 52 40 


. Skill in repairing equipment and construct- 


ing simple apparatus for classroom use. 36 58 


. Knowledge of the value of various or- 


ganizations of his profession and of the 
benefits to be derived from affiliation 


with them. 19 58 
Skill in using and explaining some of 

the more complex apparatus found in 

the science equipment. 19 5 


TABLE Ul 


JupGMENTs oF HIGH SCHOOL ADMINISTRATORS REGARDING THE IMPORTANCE OF VARIOI 
COMPETENCIES IN THE AREA OF APPLICATION OF SCIENCE TO GENERAL EDUCATION 


IN THE SCIENCE TEACHER TRAINING PROGRAM 


Per Cent of Administrator 


Who Think Each Competency 


Isa Is Important 
Competencies in the Application Minimum Include it 
of Science to General Education Essential Possible 
Planning the science instruction to meet 
the real life needs of the pupils in 
your school. 83 lt 
. Teaching the contribution and effective 
use of his branch of science to personal 
and public health. 73 26 
. Application of science to the conserva- 
tion of natural resources. 72 27 
. Interpreting the effects of science and 
technological development upon present 
day society. 72 26 
. Understanding the nature of science as 
a method of critical inquiry. 54 37 
Using the facilities of the community 
as a resource for teaching science. 51 47 
. Helping students to apply scientific 
methods and facts to the solution of 
some consumer problems. 42 5 
. Helping students to increase their en- 
joyment of leisure activities through 
science understandings and skills. 38 53 
. Helping youth to apply scientific methods 
and facts to problems of marriage and 
family relations. 35 45 


”) 


t 
“= 


May be 
Left 
Out 








general education were listed in this area. 
Two-thirds of these competencies—or six 
out of the nine—were rated by over one- 
half of the administrators as minimum es- 
sentials to be developed by the training 
programs for science teachers. These six, 
in order of preference, are competencies : 
(1) In planning science instruction to meet the 
real life needs of the pupils in the school. 


2) In teaching the contribution of his branch 
of science to personal and public health. 


(3) In applying science to the conservation of 
natural resources. 

(4) In interpreting the effects of science and 
technological development upon present 
day society 

(5) Resulting from an understanding of the 


nature of science as a method of critical 
inquiry. 
(6) In using the facilities of the community as 
a resource for teaching science 
That the other three competencies in 
this area were held to be of some importance 
becomes apparent upon study of the total 
responses to these items. Eighty per cent 
or more of the administrators felt that the 
other three of these competencies ought to 
be developed either as minimum essentials 
or to be included in the science teacher 
training program, (Table III). It should 
be noted, however, that one out of five 
administrators felt that training in the last 
competence listed in Table III, (problems 
of marriage and family relations) could be 
left out of the program training science 
teachers for their work. 


TRAINING FOR UNDERSTANDING BOYS 
AND GIRLS 


A list of nine competencies, presumably 
of some importance to teachers for the 
better understanding of boys and girls, was 
submitted to the judgment of the adminis- 
trators. ‘The responses indicate that ad- 
ministrators attach a great deal of impor- 
tance to a teacher’s capability in this area. 
Only two out of a hundred administrators 
felt that any of the first five listed were 
sufficiently unimportant that they need not 
be provided for in the training of science 
teachers. The five competencies most fre- 
quently judged indispensable are: 
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(1) Planning and providing for individual dif 
ferences of students in the science class- 
room. 

2) Knowledge of the physical and mental de 
velopment of boys and girls of adolescent 
age. 

3) Knowing the interests and needs of boys and 
girls at different grade levels. 

(4) Knowing the physical, mental, and social 
characteristics that affect the progress of 
all learners. 

(5) Knowing how to develop pupils’ study tech- 


niques in science. 


Only 6 per cent of the respondents felt that 
Item 6 (Knowledge of the techniques for 
counseling boys and girls of high school 
age) should be ignored, (Table IV). 
Eleven per cent felt that Number 7 (Train- 
ing in matters concerning sex adjustments 
cf adolescents, physiology of sex, and emo- 
tional orientation in matters of sex) might 
be excluded from science teacher training. 
Less than one-fifth of the administrators 
considered the final two competencies 
(Numbers 8 and 9, Table IV) to be es- 
sential, and a high percentage—40 per cent 
in the case of Number 9—favored omission 
of these from science teacher training 
programs. 

It is clear that the responding adminis- 
trators rate an understanding of boys and 
girls as extremely important in the qualifi- 
cations of a science teacher. This is more 
than borne out by the emphatic support ac- 
corded by the administrators to the inclu- 
sion as minimum essentials in the science 
teacher training curriculum the develop- 
ment of the first five competencies listed in 
this area. 


OTHER ASPECTS OF PROFESSIONAL TRAINING 


In this section of the inventory the ad- 
ministrators were asked to judge the rela- 
tive importance of twelve aspects of pro- 
fessional training other than those already 
covered. Eight of thesé competencies were 
suggested as minifum essentials in the 
science teacher training program by 50 
per cent or more of the responding admin- 
istrators. These eight competencies are: 

(1) Skills in the communication of ideas. 


(2) Development of a personal philosophy of 
education and a consistent view of the func- 
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TABLE I\ 
JupDGMENTsS oF HIGH ScHOOL ADMINISTRATORS REGARDING THE IMPORTANCE OF VARIOUS 


COMPETENCIES IN THE AREA OI 


UNDERSTANDING Boys AND GIRLS 


IN THE SCIENCE TEACHER TRAINING PROGRAM 


Competencies in Understanding 
Boys and Girls 
1. Planning and providing for individual 
differences of students in the science 
classroom. 


2. Knowledge of the physical and mental! 
development of boys and girls of 
adolescent age. 

3. Knowing the interests and needs of boys 
and girls at different grade levels. 

4. Knowing the physical, mental, and social 
characteristics that affect the progress 
of all learners. 

5. Knowing how to develop pupils’ study 
techniques in science. 

6. Knowledge of the techniques for coun- 
seling boys and girls of high school age. 

7. Training in matters concerining sex ad- 


justments of adolescents, physiology of 

sex, and emotional orientation in matters 

of sex. 

Training in sociometric techniques as tools 

to increase understanding of peer relation- 

ships existing in the classroom. 

9. Training in psychometric techniques 
useful in making case studies of certain 
students. 


~ 


tion of science teaching in fulfillment of 
that philosophy. 

(3) Knowledge of the ethics of the teaching pro- 
fession. 

(4) Ability to work effectively with others 
in solving problems of the school. 

(5) Development of a coherent world outlook, 
enabling the teacher to help students ad- 
just to conflicts resulting from the impact 
of a scientific interpretation of the world 
upon their concepts of time, space, evolu- 
tion, the earth’s position in the universe, 
man’s position among living things, etc. 

(6) Knowledge of the responsibilities involved 
in participation in the social and civic life 
of the community served by the teacher. 

(7) Problems of the high school curriculum and 
the place of science in it. 

(8) Ability to attach and work out either per- 
sonal problems or those of the school. 


In no case among the eight did more than 
8 per cent of the respondents suggest omis- 
sion from the training program. Compe- 
tencies nine and ten (Table V) received 


Per Cent of Administrators 
Who Think Each Competency 


Isa Is Important May be 
Minimun Include it Left 
Essential Possible Out 

81 l ( 

S$] 1‘ 0 

{ 1) 7 

y 2 l 

70 28 2 

63 32 2 

40 50 6 

390 50 11 

19 §2 28 

10 50 40 


a less favorable total vote for inclusion as 
minimum essentials but note should be 
taken that only 3 per cent of the adminis- 
trators considered Item 9 to be entirely 
indispensable and 6 per cent felt that Item 
10 was not essential in the training pro- 
gram.- The majority of the responding 
administrators seemed reluctant to vote the 
last two professional skills listed in Table V 
entirely out of the science teacher training 
program although a relatively small per- 
centage considered them to be essential. 
The administrators indicated in their 
returns for this area that a great variety of 
skills, other than the eight they ranked as 
most important, are of positive value fot 
the science teacher. It would appear that 
they consider the responsibilities of the in- 
dividual teacher—whatever his subject 


field—to extend beyond the classroom 
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TABLE \ 
JupGMENTS oF HiGH ScHOoOL ADMINISTRATORS REGARDING THE IMPORTANCE OF VARIOUS 


COMPETENCIES IN OTHER ASPECTS OF PROFESSIONAL TRAINING 
IN THE SCIENCE TEACHER TRAINING PROGRAM 


Competencies in Other Aspects 
of Professional Training 


— 


Skills in the communication of ideas 
(reading, writing, spelling). 

. Development of a personal philosophy 
of education and a consistent view of 
the function of science teaching in the 
fulfillment of that philosophy. 

. Knowledge of the ethics of the teach 


=) 


ing profession. 

. Ability to work effectively with others 
in solving problems of the school. 

. Development of a coherent world out- 
look, enabling the teacher to help stu- 
dents adjust to conflicts resulting from 
the impact of a scientific interpretation 
of the world upon their concepts of time, 
space, evolution, the earth’s position in 


= 


own 


the universe, man’s position among living 
thing, etc. 

. Knowledge of the responsibilities involved 
in participation in the social and civic 
life of the community served by the teacher. 

7. Problems of the high school curriculum 
and the place of science in it. 

. Ability to attack and work out either 
personal problems or those of the school. 

. Ability to locate and interpret research 
in the fields of education and science 
teaching. 


~ 


~ 


\° 


10. Ability to interpret various diagnostic in- 
struments that the school may employ (1.Q. 
tests, aptitude tests, interest tests, etc.). 

11. Ability to interpret the educational sta- 


tistics used in educational literature. 
12. Knowledge of the basic school laws 
of the state. 


Implicit in this broader range of obligations 
was the conception of the science teacher 
working in cooperation with other teachers 
toward solution of problems common to the 


whole school. 


rTRAINING IN THE SUBJECT MATTER OF 
SCIENCE 


In this section of the inventory five pat- 
terns of subject matter training for science 
teachers were submitted to the appraisal of 
the high school administrators. They were 
asked to rank the five patterns in order of 


Per Cent of Administrators 
Who Think Each Competency : 


Isa Is Important May be 
Minimum Include if Left 
Essential Possible Out 

80 18 2 

73 26 l 

70 27 2 

64 34 2 

63 35 1 

57 40 3 

56 40 4 

50 42 8 

47 50 3 

44 50 6 

23 60 17 

19 56 25 


preference by marking their first choice 
number one, second, two, and so on down 
to the least preferred pattern of training, 
to be ranked as five. 

The responses, (Table VI), have been 
indicated in two ways: by percentages and 
by weights. The weighting of first choices 
as five times that of fifth choices serves to 
point up clearly the collective judgment of 
the administrators choices listed as num- 
bers one and two in Table VI stand rather 
close together at the top of the list with 
weights of 392 and 385 respectively. 
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TABLE VI 
Weights Assigned to the Administrators’ Responses 
Rank 
on the 


Patterns of Science First Second 
Subject Matter Training Choice Choice 
1. Intensive training in one field 
of science subject matter such 
as physics, chemistry, etc., and 


x 
+. 


little or no training in biology. 

. Sufficient training in several 
science subject fields such as 
physics, chemistry, biology, 
earth science, etc., so that the 
teacher can give instruction in 
more than one of the sciences. 180 120 

. Training spread over several 

science subject matter fields as 

in 2 and, in addition, intensive 

training in one field of science 

as in J, 195 104 

Training in survey courses of 

science (physical and biologi- 

cal) followed by specialization 
in a single field of science such 
as physics, chemistry, etc. 

. Training divided equally, or 
nearly so, in two broad fields 
of science such as physical 
science and biological science. 65 


to 
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The very weak showing of pattern num- 
ber one in Table VI, with a weight of 122, 
indicates that an overwhelming majority 
of the administrators weré flatly against 
the type of teacher preparation that gives 
intensive training in one subject matter 
field of science such as physics or chemistry 
and offers little or no training in other fields 
such as biology. 

’atterns numbered three and four in 
Table VI were generally little favored by 
the administrators. In their rejection of 
pattern number four administrators seem 
te express their doubts as to the adequacy 
or thoroughness of the survey type of train- 
ing program for prospective science teach- 
ers. In their decision against number three 
they apparently fear lack of thoroughness 
both within and without the fields of con- 
centration. 

The administrators seem unwilling that 
either breadth of subject coverage or depth 
of study within certain subjects be sacrificed 
to any great extent. They seem to desire 


Third Fourth Fifth otal Basis of 


Choice Choice Choice Weighting Weighting 


2 12 Q3 12? z 
D4 6 2 SS 2 
-4 > > 

42 20) l if l 
63 66 5 6] 4 
52 66 Ss 63 ) 


that science teachers have a broad famili- 
arity with the various fields of science, but 
that their knowledge, even in peripheral 
areas, should receive somewhat better 
grounding than the brief introductions 
which they apparently conceive the survey- 
type courses to provide. They appear to 
argue strongly for intensive cultivation of 
particular science fields, but at the same 
time to urge against narrow over-specializa- 
tion by the exclusion of study in several 
other fields. 

In final analysis, the responses to this 
part of the study indicate that the adminis- 
trators in general have two positive convic- 
tions regarding the subject matter training 
of candidates for science teaching open- 
ings on their faculties. First, they want 
their teachers to be reasonably expert in 
at least one field of science but also to be 
capable of imparting valuable learnings in 
a variety of science fields. Secondly, the 
administrators want the degree of special- 


ization in both varied general and in par- 








32 ScIENCE EDUCATION 


[Vol. 40, No. 1 


TABLE VII 
PREFERENCES OF HIGH SCHOOL ADMINISTRATORS FOR VARIOUS PATTERNS OF STUDENT TEACHING 
IN THE SCIENCE TEACHER TRAINING PROGRAM 


First 
Pattern of Student Teaching Choice 
1. In an ordinary teaching situatio1 
in the public schools, under the 
direction of an expert teacher 74 


nN 


. Under special training teachers in 

training schools 16 
. In an experimental classroom situa- 

tion where the theories of moder 

education are applied to concrete 

situations 10 


w 


— 


. In an ordinary teaching situatior 

in the public schools, under the 

direction of an expert teacher 222 
. Under special training teachers in 

training schools 48 
. In an experimental classroom situa- 

tion where the theories of moder: 

education are applied to concrete 


nN 


w 


Per Cent of Administrators 
Who Rank Each Pattern As: 


Second Third Weighted 

Choice Choice Values 
17 6 262 
48 34 176 
34 43 141 

Weights Assigned to the Administrators’ Responses : 

2nd 3rd Total Wt. Rank 
34 6 262 l 
96 34 176 2 
68 40 141 3 


situations 


ticular fields of science training to be such 
that a teacher can teach courses in more 
than one field of science. 


PATTERNS OF STUDENT TEACHING 


Practice in teaching has long been con- 
sidered an essential element in the prepara- 
tion of future teachers to meet the varied 
challenges of actual classroom operation. 
Accordingly, this part of the study was 
designed to determine what kind of student 
teaching the administrators would consider 
best for science teachers-in-training. 

Three types of practice teaching situa- 
tions were offered for judgment and the 
respondents were asked to rank these in 
order of first, second, and third choices. 
Table VII offers a percentage-wise break- 
down of the administrators’ choices, but 
these alone fail to clarify the degrees of rela 
tive merit attributed to each of the three 
patterns of student teaching. In order to 
clarify the table a weight of three was as 
signed to the first choice, two to the 


second, and one to the third 


Thus, pattern one carries a weight of 
262 points in comparison with number two 
with 178, and number three which trails 
with 141. 


majority of administrators have indicated 


It would seem that the large 


strong preference for one particular type of 
student teaching. 

Of the three patterns suggested, number 
one will be seen as that pattern which would 
logically provide experience in a teaching 
situation most similar to the one which the 
prospective science teacher would meet on 
his first job. Conversely, the least favored 
pattern—that of a purely experimental-type 
school sityation—appears to strike the ad- 
ministrators as being the least likely to pro- 
vide experience which would be later ap- 
plicable to professional teaching. On the 
basis of its position on the scale of weighted 
values, the generally selected second choice 
may be seen as the one for which adminis- 
trators would be willing to settle as a sub 
stitute for the actual public school type of 
student teaching if the latter were unavail- 


able to the trainee. 
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In summary, the major implications seem 
in the opinions of the administrators may 
be taken as follows: (1) that the most de- 
sirable kind of practical preparation for 
teaching is that received in the situation 
most similar to the one to be dealt with 
en the job; (2) that there is little practical 
value in student teaching which does not 
provide closely similar experience to the 
actual teaching assignment; (3) that it is 
important that student teachers receive 
expert direction during their practice 
period; (4) that it would be better to have 
this practice acquired under the guidance 
of special training teachers in training in- 
stitutions than in experimental-type schools ; 
and (5) that the administrators are not 
sure that the selective character of experi- 
mental schools and their populations would 
be such as to provide student teachers with 
experience of use to them in filling positions 
on the 


faculties of non-experimental 


schools. 
A. THE TEACHERS IN THIS STUDY 


The subjects used in this study were 
Illinois science teachers who were teaching 
their first, second, or third year in high 
schools. These individuals were located 
through the files of the State Superintend- 
ent of Public Instruction in Springfield, 
Illinois. These files furnished the name, 
location, field of teaching, and the vear(s) 
of experience for each science teacher se- 
lected. All files for each county in the 
state were carefully examined in the spring 
of 1950. Since the total number of teach 
ers falling into the category of those sought 
for study was 317, it was decided to make 
use of the entire group. This group was 
canvassed by means of an inventory late in 
the spring of 1950. 

The Teachers’ Inventory. This instru- 
ment was entitled “Problems and Questions 
Concerning Teachers New in the Field of 
High School Science Teaching.” Materials 
incorporated into this questionnaire were 
derived from three sources: data from 
studies in the field of science teaching; 


stated opinions of experts in the field of 
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science teaching ; and, finally, the personal 
experiences, as a high school science teacher 
of the writer. 

This instrument requested the following 
information : the size of the school in which 
the responding teacher was employed; hi 
training and experience; the nature of his 
duties on the job; and the science course or 
courses he has taught. 

A tentative form of the questionnaire was 
sent out on a trial basis. The teachers 
used in this trial were not selected from 
the original list, but were teachers with 
more than three years of experience. These 
teachers, as requested, supplied evaluations 
of various parts of the instrument, sugges- 
tions for clarifying the questions, and im- 
provements in ways of checking answers. 
The inventory was then printed and sent 
out to the science teachers on the list under 
the sponsorship of the Follow-Up Division 
of the University Council on Teacher 
Education. 

Each teacher to whom the inventory 
Was sent received an accompanying letter 


which explained the purpose « 


f the study 
and requested the individual’s cooperation 
in filling out and returning the form. The 
letter was mimeographed on College ot 
Education stationery and signed by the 
Dean of the College of Education who was 
Ixecutive Officer of the Council on Teacher 
Education of the University of Illinois 
Two follow-up letters were sent to the 
science teachers to bring in additional re 
turns. 


} 


The instrument for the beginning science 


teachers was sent to them in May, 1950, at 
the end of the school vear It was sent at 


this time in order to account for as nearly 
a full vear of teaching experience as possi- 
ble for those teaching lt 1 {t assig 

ment. The selection of this period, Ww 
ever, was somewhat tmopportune for the 
teachers. The questionnaires, arriving just 
at the end of the school vear, came to the 


teachers at a time when most of them were 


very busy Of the 317 inventories sent 
out, 127 were returned. Eight responses 


were found to be not usable in this study, 
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TABLE VIII 


RESPONSES FROM BEGINNING SCIENCE TEACHERS 


IN SCHOOLS oF VARIOUS SIZE TO THE INVENTORY, 


“PROBLEMS AND QUESTIONS CONCERNING TEACHERS NEW IN THE FIELD 
oF HicGH ScHooLt SciENCcE TEACHING” 


Total Number of Inventories Sent 317. 


Number of Inventories Sent and Received from Teachers in Schools of Various Size 


Schools with Student Number 


Populations of : Sent 
Less than 100 97 
100-249 145 
250-999 64 
Over 1,000 11 


Total Number of Inventories Returned, 127 
Per Cent of Response, 40. 


Table VIII indicates the distribution of 
these returns with respect to the size of the 
schools served by these teachers. 

This part of the study used the returns 
from 119 beginning science teachers. Of 
this group 46 had completed one year, 41 


had completed two years, and 32, three 
years of teaching. 
Where They Were Trained. Sixty-six 


of these teachers had been trained in teach- 
ers’ colleges; twenty-nine had _ received 
their training in universities; and twenty- 
four had done their preparatory work in 
liberal arts colleges. Thirteen in the group 
had earned master’s degrees. 

Size of Schools Where They Were Em- 
ployed. 


teachers had found employment in small 


Seventy-eight per cent of these 


high schools, enrolling fewer than 250 

pupils. (Table IX) a breakdown of the 
TABLE IX 

NuMBER OF SclIENCE TEACHERS Out oF 119 ReE- 


PORTING WuHo TAUGHT IN SCHOOLS 
oF VARIOUS SIZES 


Per Cent 
Number of of 119 
Teachers Science 


of 119 Teachers 
Reporting 
Teaching 
in Sch »¢ Is 


Reporting 
Size of School Teaching 
in Sch ols 


Schools Enrolling : 


Less than 100 students 32 27* 
100-249 students 61 51 
250-499 students 10 8 
500-999 students 11 9 
1,000 or more students 5 4 


* All figures rounded off to nearest whole 


number. 


of This Size of This Size 


Per Cent of 
Total Received 


Per Cent of 
Total Sent 


Number 
Received 


32 30.6 25.1 
65 45.7 
23 20.1 18.1 
7 3.4 a 


returns indicates the following: thirty-two 
of the beginning science teachers were em- 
ployed in high schools having fewer than 
100 pupils ; sixty-one teachers were at work 
in high schools enrolling between 100 and 
249 pupils; ten were teaching in high 
schools which listed between 250 and 499 
students ; eleven taught in high schools that 
enrolled 500 to 999 students; and five 
teachers were employed in high schools with 
student populations of 1,000 or more. 


B. FORMAL TRAINING 


Out of the responses of the 119 beginning 
science teachers it is possible to view the 
number of teachers with or without train- 
ing in the various fields reported (see Table 
X). It should be noted here the number of 
teachers reporting no training in biological 
sciences, chemistry, physics, educational 
psychology, tests and measurements and 
curriculum. More alarming perhaps is the 
reported number of minimum hours in 
each subject field found in Table X where 
the range in number of semester hours be- 
gins with figures as low as .5, 1.3, 2, and 
Suffice it to 
say that teachers with no more than the 


2.6 semester hours of work. 


number of semester hours listed in these 
minimums scarcely have an insight into 
the field of study concerned and not enough 
to gain sufficient competence to teach or 
use it. On the other hand, the maximum 
number of semester hours of training re- 
ported in the range of semester hours in 
the fields of biological science chemistry, 
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l 
TABLE X 
SuBjecT MATTER TRAINING OF SCIENCE TEACHERS 
Range in Sem. 
Hours for Those 
No. of No. of Teachers Teachers Who 
Teachers with Who Reported No Have Training 
Training in This Training in This in This Subject 
Subject Field Subject or Field Subject or Field or Field 
d Biological science * 112 7 2.6-74 
Chemistry 97 22 2.6-60 
Physics 90 29 2.6-55 
Mathematics 86 33 >? 6-45 
Geology 28 91 5- 8 
Meteorology 17 102 2 .0-37 
Astronomy 15 104 5- 5 
Science survey 14 105 1.3- 8 
Home economics 11 108 2.6-48 
0 Agriculture 9 110 2.6-70 
Educational psychology 115 4 2.0-24 
n- Practice teaching 114 5 2.6-10.6 
in Other courses in education 111 8 2?.0-23.3 
rk Tests and measurements 56 63 2.0-19 
“a Curriculum 30 89 1.3-33 
( ° . 
rh * Biological Science includes biology, zoology, botany, physiology, bacteriology, and ecology. 
> 
99 
alt physics, mathematics, home economics and semester hour in curriculum, and eleven 
-_ agriculture show thorough grounding in plus semester hours in other courses in 
th these fields of study but this may be sug- education. 
gestive of poor balance in training to be- On the other hand if the median number 
come a competent science teacher. of semester hours of training in various 
From the responses of the 119 beginning fields of these beginning science teachers 
science teachers it is possible to construct is used, a different composite picture is 
ing a composite picture of the training received obtained. Using this method a beginning 
the by science teachers in the State of Illinois. Science teacher has a median of forty-one 
in- If the total number of semester hours of semester hours of training in science and 
ble training in various fields of these beginning twenty-one semester hours in the field of 
ot science teachers is divided by 119, a com- education. Training in the field of 
ical posite picture of the average number of science shows a median of eight semester 
nal semester hours of training in each field is hours of training in physics, tweleve se- 
and obtained. The beginning science teacher mester hours in chemistry, fifteen semester 
the averages approximately forty-seven se- hours in the biological sciences, and zero se- 
in mester hours of science training and twenty- mester-hours in other sciences. Training 
ere four semester hours of training in the field im the field of education shows a median 
be- of education. Training in the field of sci- of five and three tenths semester hours in 
and ence is comprised of approximately ten practice teaching, zero semester hours in 
t to semester hours in physics, fourteen se- tests and measurements, three semester 
the mester hours in chemistry, nineteen se- hours in educational psychology, zero se- 
hese mester hours in the bilogical sciences, and mester hours in curriculum and five and 
into the remainder in other sciences. Training three-tenths semester hours in other courses 
ugh in the field of education is comprised of im education. Of course none of the 119 
: of approximately six semester hours in prac- beginning science teachers fits the average 
num tice teaching, one and one half semester or median composite picture in every field 
Th oa hours in tests and measurements, four se- listed. But many subject-matter specialists 
Ss im mester hours in educational psychology, one would be quick to point out that eight se- 
stry, 
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mester hours of physics, three semester 
hours of educational psychology or twelve 
semester hours of chemistry are inadequate 
for preparing the beginning science teacher 
for his work. 

This composite reveals severe inadequa- 
cies in some areas, but it is only fair to 
point out that such a composite can be 
very misleading. Tables X and XI will 


TABLE XI 
MEDIAN AND AVERAGE NUMBER OF Hours Of 
SciENCE TRAINING 


Approximate 
Average 
Number of Median 
Semester Semester 
Hours Hours 


Field of Study of Study of Study 


All sciences 47 4] 
All education courses 24 21 
Physics 10 8 
Chemistry 14 12 
Biological science 19 15 
Other sciences * 4 0 
Practice teaching 6 5.3 
Tests and measurements ‘2 0 
Educational psychology + 3 
Curriculum l 0 
Other courses in education 11 5.3 


* Other sciences include geology, meteorology, 
astronomy and science survey courses. 
help to clarify the picture by presenting 
a breakdown of the training of the begin- 
ning science teachers according to the 
median number and range of hours of work 
taken in each field. 

It is important to note (Table X) the 
number of teachers out of the 119 reporting 
who had had no training in such basic fields 
as physics, chemistry, and biology, and the 
number of teachers who lack training in 
tests and measurement, and curriculum de- 


velopment. 


C. TRAINING IN THE SUBJECT MATTER OF 
SCIENCE 

The majors carried in the training pro- 
grams reported by the 119 science teachers 
range over sixteen subject matter fields. 
Table XII shows the number of teachers 
majoring in the various fields. It is worth 
noting that only fifty-nine of these teachers 
(about 49 per cent of the total group) 


majored in a field of science. 
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TABLE XII 
NUMBER OF SCIENCE TEACHERS Out oF 119 ReE- 
PORTING HAVING MAJORS IN THE VARIOUS 
SuBJECT-MATTER FIELDS 


Number of 
Science Teachers 
With Majors in 


Subject-Matter Field This Subject Field 


Biology 21 
Chemistry 16 
Zoology 0 
General science 6 
Physics 5 
Physical science 6 
sotany ; l 
Mathematics 24 
Physical education 18 
Agriculture 5 
Home economics 4 
Social science y 4 
Industrial arts 2 
English | 
Education 1 
Music 1 


The Beginning Physics Teachers. Out 
of all the science teachers reporting, forty- 
eight had taught physics. This group of 
forty-eight teachers had taken from 16 to 
112.6 semester hours of science courses 
during their training. The median for these 
forty-eight teachers is 48.3 semester hours 
of science. In physics they reported a range 
oi from 8 to 55 hours of training, with the 
median falling at 16 semester hours. Only 
thirteen teachers in this group (about 25 
per cent) of forty-eight had majored in 
physics. 

Of particular interest at this point are the 
records of six beginning physics teachers 
appearing in Table XIII as Numbers 6, 
30, 33, 34, 37, and 41. With the exception 
oi Number 34 (22 hours) each one of them 
has 24 or more semester hours of training 
in the physics field. Taken as a group, 
their physics training, then, amounts to 70 
per cent or more of the total semester hours 
of science training that these teachers have 
had. Further inspection of Table XIII 
will show that the training these teachers 
received in the other major fields of science 
is extremely meager. 


If one supports the opinions that (a) a 


science teacher should have a minimum of 
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TABLE XIII 
SEMESTER Hours oF SCIENCE TRAINING AS REPORTED BY 48 BEGINNING PuHysics TEACHERS 
| ; Total Semester Hours of 
nventory 
No. Number Science Physics Chemistry Biology Other Science 
1 72 112.6 49.3 24.6 3.3 35.6 
2 102 95.3 10.6 8 74 2.6 
3 51 85 10 26 49 () 
4 77 82.6 10.6 16 56 0 
5 58 80 10 22 48 0 
6 13 79 55 10 0 14 
7 78 74 16 30) 2 0) 
8 76 73.3 10.6 38.6 21 2.6 
9 + 65 15 & Ss 37 
10 39 65 24 35 3 3 
11 107 62.6 8 18.6 35 0) 
12 20 61.3 16* 24 241.9 0 
13 90 60 18.6 25.3 16 0 
14 83 58.6 16 32 'e) 2.6 
15 93 58.6 8 45.3 5.3 0 
16 111 58.6 34.6 8 5.3 10.6 
17 19 58 12 13 24 9 
18 119 58 10 24 24 (0) 
19 9] 56 10.6 40 2.6 0 
20 87 55 27 18 7.5 y 
21 96 54 19.5 y« ll 0) 
22 27 53.3 26.6 16 10.6 () 
23 69 53 22 21 10 0 
24 36 48.3" x 21.3 16.6 nen 
25 29 48 10 26 12 0 
26 25 2 12 10 16 4 
27 101 4] 9 19 10 3 
28 55 40 15 25 0 0 
29 40 38.6 24.6 10.6 3.6 0 
30 70 34.6 29.3 5.3 0 0 
31 44 34 8 12 12 2 
32 66 34 16.6 8 9.3 0 
33 42 32 24 LU 2.6 5.3 
34 45 32 22 10 0 Q 
35 84 32 16 0 10.6 5.3 
36 113 31.3 16 8 3.3 4 
37 53 31 25.6 0 2.6 2.6 
38 59 30.6 8 14.6 0 S 
39 114 29.3 16 8 5.3 0 
40 57 29 16 5 8 0) 
41 118 26.6 24 0 2.6 0 
42 l 24.6 18 3.3 3 0 
43 64 24.6 18.6 0 6 (0) 
44 71 24.6 13.0 8 3.3 0 
45 24 24 12 6 6 0 
46 12 23.3 16 0 3.3 + 
47 115 19 11 8 0 0 
48 5 16 8 0 8 0 


* Median 


60 semester hours of training in science,’ 
and (b) that a teacher of physics is better 
trained when he also has some preparation 
in chemistry, biology, and other related 

1 The Cooperative Committee on Science Teach- 
ing, “The Preparation of High School Science 
Teachers,” School Science and Mathematics, 42: 
636-650, October, 1942, p. 647. 


sciences, then on this basis alone it becomes 
clear that these physics teachers were in- 
adequately trained. 

The Beginning Chemistry Teachers. 
Thirty-seven teachers from among the 119 
Table 
XIV indicates the range of their training 


in the study had taught chemistry. 


in science to have been from 25 to 112.6 
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TABLE XIV 


SemMESTER Hours oF SCIENCE TRAINING AS REPORTED BY 37 BEGINNING CHEMISTRY TEACHERS 


Inventory 


2 


Total Semester Hours of: 


No Number Science Chemistry Biology Physics Other Science 
1 72 112.6 24.6 $3 49.3 35.3 
> 102 95.3 8 74 10.6 2.6 
3 63 92.3 48 Zi .2 16 8 
4 51 85 26 49 10 0 
5 100 85 8 77 0 0 
6 75 76.6 49.3 0 25.3 2 
7 65 76 28 46 2 0 
8 78 74 30 28 16 0 
9 79 67 23 34 10 0 

10 63 66 26 32 8 0 

11 39 65 35 3 24 3 

12 107 63 16.6 38 8 0 

13 81 62 15 37 10 0 
14 85 60 7 39 4 0 

15 00 60 5.3 16 18.6 0 

16 93 58.6 45.3 5.3 8 0 

17 19 58 13 24 12 9 

18 9] 56* 4) 2.6 10.6 2.6 
19 87 55 18 7.8 27 2.9 

20 96 54 23" 11 19.5 0 

21 69 53 21 10 22 0 

22 23 52 16 28 8 0 

23 54 52 36 16 0 0 

24 17 51 15 3 5 0 
25 41 50.5 31 4 13 2.5 

26 36 48 .3 31.3 20.6 8 2.6 

27 26 48 24 aca 0 2.6 

28 29 48 26 12 10 0 

29 82 47 21 18 8 0 
30 16 46 17.5 11 17.5 0 

31 101 41 19 10 9 3 

32 55 40 25 0 15 0 
33 98 40 18 3 18 1 
34 44 34 12 12 8 2 

35 112 34 18 6 8 2 

36 8 32 16 8 8 0 

37 106 25 25 0 0 0 


* Median. 


semester hours, with the median for the 
group falling at 56 semester hours. Their 
training in chemistry ranged from 8 to 
49.3 semester hours, and in this case the 
median was found to be 23.5 hours. Eleven, 
or nearly 30 per cent, of the beginning 
chemistry teachers had too few hours in 
chemistry to constitute a chemistry major 
in the state of Illinois. Another 30 per cent 
of this group took less hours than are re- 
quired for a minor in chemistry in the state 
of Illinois. Four teachers in this group 
had no training in physics and three of 
them lacked any training in biology. Fifteen 
of the beginning chemistry teachers (ap- 
proximately 40 per cent of this group) 


were found to have had more training in 
other fields of science than they had had 
in chemistry. Roughly 60 per cent of the 
chemistry teachers had had less than the 
60 semester hours of science training rec- 
ommended by the Cooperative Committee 
on Science Teaching of the A.A.A.S.? 

In terms of breadth of preparation, the 
training in science subject matter of those 
teaching chemistry would seem to be some- 
what superior to that of those teaching 
physics. Nevertheless, their training will 
be seen in a subsequent discussion to be 
far from adequate in the light of what 
teachers and administrators have had to 


2 [hid. 
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TABLE XV 
SEMESTER Hours OF SCIENCE TRAINING AS REPORTED BY 63 BEGINNING BroLtoGy TEACHERS 


Total Semester Hours of 
Inventory 


“ No. Number Science Biology Chemistry Physics Other Science 
1 102 95.3 74 8 10.6 2.6 
2 63 93.3 21.3 48 16 S 
3 51 85 49 26 10 0 
4 100 85 77 5S 0 ) 
5 77 82.6 56 76 10.6 0 
6 58 80 48 22 10 ( 
7 65 40 46 2 28 U 
8 78 / IQ 30 16 () 
9 76 73.3 21.3 38.6 10.6 2.6 
10 28 72.3 36 29.3 S 26 
11 43 72 31 28 8 5 
12 35 70 48 15 7 
3 89 69.6 59 2.6 5 2¢ 
14 38 66 27 2¢ ] 0 
15 68 60 32 2¢ o 
16 73 66 43 10 10 
17 94 63.6 rt me 34.3 S ) 
18 85 63 42 17 4 ) 
19 107 62.6 38 16.6 Ss ) 
20 18 62 38 16 5 ( 
21 20 61.3 21.3 24 16 
22 81 61 36 15 10 ) 
23 19 58 24 13 12 
24 60 53.3 37.3 8 8 0) 
25 99 53.3 34.6 8 8 2.6 
26 69 53 10 21 22 
27 23 52 28 16 S ( 
28 54 52 16 36 0 ) 
29 14 51 28 13 10 ) 
30 17 51 31 15 5 ) 
31 9? 50 30 2? 8 ( 
32 30 47* 36 3 0 8 
33 82 47 18 21 8 0 
34 25 42 16 10 12 4 
35 3 41.3 34.6 0 2.6 4 
36 61 40 13.3 16 2.6 S 
37 48 37 .3 19.3 15.3 2.6 
38 108 37 3 29.3 8 0 0 
39 116 35 12 ll 9 
- 40 44 34 12 2 8 2 
41 8 32 8 6 ' g ) 
ad 42 32 31 15 12 0 4 
he 43 53 31 2.6 0 25.6 2.6 
he 44 8s 30 30 () (0) 
45 10 29.3 16 13.3 0 ) 
= 46 l 29 10 13 () 
ee 47 6 28.6 24.6* 4 0 ) 
48 67 28 25 3 0 0 
49 110 27 27 0 0 0 
he 50 62 26.6 24 0 0 2.6 
se 51 9 25.3 21.3 0 0) 
e- 52 33 24.6 16.6 0 8 0 
53 24 2 6 6 12 0 
ns 54 104 23 10 10 0 3 
ill 55 105 23 17 0 0 6 
be 56 80 22.3 8 9.3 2 
at 57 21 22 22 0 0 0 
58 15 21 21 0 0 0 
to 59 2 20 16 0 0 4 
60 52 20 20 0 0 0 
61 56 19 3 5 0 11 
62 34 17 17 0 0 0 
63 22 12 12 0 0 0 


* Median. 
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FEBRI 
TABLE XVI 
SEMESTER Hours oF TRAINING IN ZooLoGy, BotANy, PuystoLocy, BACTERIOLOGY, ECOLOGY, AND 
GENERAL BIoLoGy FoR 63 BEGINNING BioLoGy TEACHERS Seve 
Riatidhinnie Field of Total Semester Hours of Training in: 

No. Number Biology Zool. Botany Physio. Bacterio. Ecol. Gen. Bio. No. 
l 100 77 38 19 4 4 8 4 1 
2 102 74 43.3 20 ae 0 2 0 ? 
3 89 59 37.6 10.6 2.6 2.6 2.6 2.6 3 
4 77 56 32 16 2.6 2.6 2.6 0 4 
5 51 49 24 19 6 0 0 0 
6 35 48 12 31 0 5 0 0 6 
7 58 48 35 10 0 3 0 0 7 
8 65 46 18 17 0 7 0 4 8 
9 73 43 0 13 0 5 4 21 9 
10 85 42 24 6 + 4 4 0 10 
11 18 38 34.6 3.2 2.6* 5.3 0 0 1] 
12 107 38 30 5.3 0 0 0 0 12 
13 60 37 .3 26.6 5 0 2.6 0 0 13 
14 28 36 13.3 10.6 a 2.6 2.6 5.3 14 
15 30 36 6 14 0 8 ()* 8 15 
16 81 36 10 10 8 5 3 0 16 
17 31 34.6 Pal 13.3 2.6 2.6 0 8 17 
18 99 34.6 0 10.6 2.6 0 0 21.3 18 
19 as 32 0 0 0 4 4 24 19 

20 17 31 22 9 0 0 0 0 20 

21 43 31 24 4 3 0 0 0 1 

22 88 30 8 8 3 0 0 11 >» 

23 108 29.3 I 0 2.6 2.6 2.6 0 33 
24 14 28 28 0 0 0 0 0 4 

25 23 28 14 0 8 0 0 6 35 

26 78 28 12 6 4 6 0 0 % 

27 38 27 3 4 4 6 0 10 27 

28 110 27 6 3 6 3 0 9 28 

29 67 25 5 5* 10 0 0 5 29 

30 6 24.6* 8* 6.6 0 0 0 10 30 

3 19 24 6 6 3 3 0 6 31 

32 62 24 16 0 0 0 0 8 29 

33 21 22 3 3 10 0 0 6 33 

34 9 21.3 2.6 0 2.6 0 0 16 34 
35 20 21.3 8 2.6 0 2.6 0 8 . 

36 63 21.3 0 0 0 2.6 0 18.6 6 

37 76 21.3 8 13.3 0 0 0 0 ‘aa 
38 94 “ % 0 16 2.6 2.6 0 0 7. 

39 15 21 8 8 0 5 0 0 30 

40 52 20 5 5 10 0 0 0 40 

41 9? 20 4 4 6 6 0 0 41 

42 48 19.3 | 3.3 6 2* 0 2.6 42 
3 82 18 10 8 0 0 0 0 43 

44 34 17 8 3 3 0 3 0 44 

45 105 17 3 4 0 0 0 10 u 

46 33 16.6 3.3 $3 3.3 0 0 6.6 , 

47 2 16 8 0 8 0 0 0 40 

48 10 16 0 0 2.6 2.6 0 10.6 

49 5 16 5 4 0 6 0 0 49 

50 54 16 5 8 3 0 0 0 me 

51 32 15 4 4 4 3 0 0 ” 

52 61 3 0 g 0 0 0 RR = 

53 22 12 3 3 3 0 0) 3 4 

54 44 12 8 0 0 0 0 4 or 

55 116 12 3 3 3 3 0 0 o 

56 11 10 0 3 4 3 0 0 ~~ 

57 69 10 5 5 0 0 0 0 ” 

58 104 10 4 3 0 3 0 0 ad 

59 § 8 0 4 4 0 0 0 a 

60 80 8 0 0 0 0 0 g . 

61 24 6 0 2 0 1 0 3 nad 

62 56 3 0 iv) 0 0 0 3 

63 53 2.6 0 0 0 0 0 2.6 
* Median. 











1 
FEBRUARY, 1956] TRAINING SCIENCE TEACHERS 41 
TABLE XVII 
SEMESTER Hours OF SCIENCE TRAINING AS REPORTED BY 81 BEGINNING GENERAL SCIENCE TEACHERS 
Inventory Total Semester Hours of: 

0. No Number Science Biology Chemistry Physics Other Science 
] 72 112.6 . 24.6 49.3 35.3 
2 102 95.3 74 8 10.6 2.6 
3 51 85 44 26 10* 0* 
4 100 85 77 8 0 0 
5 77 82.6 56 16 10.6 0 
6 58 80 48 22 10 0 
7 13 79 0 10 55 14 
Pal 65 76 46 0 18.6 0 
9 76 73.3 21.3 38.6 10.6 2.6 

10 28 72.3 36 29.3 5.3 2.6 
1] 43 72 31 28 8 5 
12 70 70 48 15 0 7 
13 68 66 32 26 8 0 
14 4 65 5 & 15 37 
15 78 64 28 30 16 0 
16 94 63.6 21.3 34.3 8 0 
17 85 63 42 17 4 0 
18 107 62.6 38 16.6 8 0 
19 81 62 37 15 10 0 
20 20 61.3 21.3 24 16 0 
21 50 60 40 15 5 0 
22 90 60 16 25.3 18.6 0 
23 83 58 °6 8 32 16 2.6 
24 93 58.6 5.3 45.3 8 0 
25 111 58.6 5.3 8 34.6 10.6 
26 19 58 24 13 12 9 
27 119 58 24 24 10 0 
28 91 56 5.3 40 10.6 2.6 
29 87 55 10 18 27 0 
30 54 54 18 36 0 0 
31 96 54 1] 23.5 19.5 0 
32 7 53.3 10.6 16 26.6 0 
33 60 53.3 37.3 8 8 0 
34 99 53.3 34.6 8 8 2.6 
35 69 53 10 12 22 0 
36 14 51 28 13 10 0 
37 17 51 31 15 5 0 
38 41 50.5 4 31 13 2.5 
39 Q? 50 20 22 8 0 
40 36 48.3 16.6 21.3 8 a0 
41 29 48* 12 26 10 0 
42 30 47 36 3 0 N 
43 82 47 18 ae 8 0 
44 109 47 18 10 10 9 
45 117 47 28 5 10 4 
46 16 46 1] 17.5 17.5 0 
47 74 45.3 2.6 16 24 2.6 
48 95 45.3 10.6 32 0 2.6 
49 31 41.3 34.6 0 2.6 4 
50 101 41 10 19 9 3 
51 55 40 0 25 15 0 
52 ol 40 13.3 16 2.6 8 
53 98 40 3 18 18 l 
54 48 ao 19.3 15.3 2.6 0 
55 108 37.3 29.3 8 0 0 
56 49 33.0 8 6 16 5.3 
57 70 34.6 0 21 22 0 
58 44 34 12 12 8 2 
59 66 34 9.3 8 16.6 0 
60 8 32 8 16 Ss 0 
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TABLE XVII 


Inventory 
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(Continued 


Total Semester Hours of: 


No. Number Science Biology Chemistry Physics Other Science 
61 42 32 2.6 0 24 5.3 
62 45 32 0 10 22 0 
63 112 32 6 18 8 0 
64 113 Si a 3.3 & 16 4 
65 32 oe 15? 12 0 4 
66 53 31 2.6 0 25.6 2.6 
67 88 30 30 0 0 0 
68 97 30) 22 8 0 0 
69 114 29.3 a 8 16 0 
70 57 29 8 5 16 0) 
71 6 28.6 24.6 ! 0 0 
72 67 28 25 3 0 0 
73 118 26.6 2.6 0) 24 0 
74 7 26 14 8 0 4 
75 1 24.6 3.3 3.3 18 ( 
76 64 24.6 6 0 18.6 0 
77 37 24 5.3 16 2.6 0 
78 12 2.0 3.3 0 16 4 
79 104 23 10 10 0 3 
80 105 23 17 0 0 6 
81 5 16 8 0 8 () 


* Median. 


say about the actual job of high school sci- 
ence teaching in Illinois. 

The Beginning Biology Teachers. Sixty- 
three, or better than half of the 119 teach- 
ers reached in this study, had taught bi- 
ology. Their range of training in science 
subject matter was found to be from 12 
te 95.3 semester hours, with the median 
point at 47 hours (see Table XV). 
field of biology these teachers had received 


In the 


from 2.6 to 77 semester hours of training, 
Of the 
sixty-three teachers in this group, fourteen 


the median falling at 24.6 hours. 
5 


were without training in chemistry, and 
twenty-three lacked any training in physics. 
Eleven had taken neither physics nor chem- 
istry during their training. It was also dis- 
covered that eighteen of the biology teach- 
ers had carried less than a minor in biology 
during their training period. 

Biology training, as defined in this study, 
would constitute any course work taken in 
the following: general biology, zoology, 
botany, ecology, bacteriology, and _physi- 
Table XVI 


that training for many biology teachers was 


ology. shows quite clearly 


not uniformly distributed over the field of 


biology. Their records reveal that some 


teachers lack zoology training; other have 
no credits in botany, and some have onl) 
negligible amounts of training in either 
field, compared to their credits in other 
areas of biology. 

Sixty-five per cent of the biology teach- 
ters were found to fall short of the recom- 
mended 60 hours of science training.* 
Tables XV and XVI present a tabulated 
summary of the foregoing discussion. 

The Beginning General Science Teach- 
ers. Ejighty-one of the 119 teachers re- 
porting on this study had taught general 
science. Since, by definition, general sci- 


ence is a field of more than one science 
subject, sound training would presumably 
It is, there- 


fore, interesting to note that these eighty- 


require a breadth of training. 


one teachers who had taught general science 
had carried a broader variety of major 
science subjects in their training programs 
than the teachers of the more specialized 
sciences had carried. The distribution of 
the majors these teachers carried runs as 
follows: thirty-one in biology; twenty-six 


in chemistry; and tweleve in physics. 


Thirteen individuals in this group reported 


> [hid, 
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majors in two science subject fields, and 
one claimed majors in three fields of sci- 
ence. But it was also discovered (see 
Table XVII) that twenty-two teachers had 
not majored in any science subject-matter 
field. 

The range of training in science subjects 
was found to be from 16 to 112.6, with a 
In the field 
of biology the range for these eighty-one 


median of 48 semester hours. 


general science teachers was from 0 to 
77 semester hours, with a median of 15. 
They received credits in the field of chem- 
istry for from 0 to 45.3 semester hours. The 
median here was also 15. 
range reported was from 0 to 55 semester 
hours with 10 hours as the median. In all 
other science subject matter fields, not in- 
cluding biology, physics, or chemistry, the 
range was from 0 to 37 hours of credit, 
with the median falling at 0. 

Inspection of Table XVII will reveal 
that four of these eighty-one teachers had 
had no training in biology, ten lacked any 


In physics the 
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preparation in chemistry, and fourteen of 
them were without credits in physics. 
Forty-seven teachers out of the eighty-one 
had had no training in the fields of geology, 
astronomy, or meteorology. 

Table XVII also shows that fifty-nine 
of the eighty-one teachers in the above 
group, or 74 per cent of them, would fail 
to qualify under the standards recom- 
mended by the Cooperative Committee on 
Science Teaching of the A.A.A.S.4 

In connection with this, further study of 
Table XVII discloses that a number of 
general science teachers have accumulated 
niany semester hours of training in one field 
of science and have at the same time almost 
no training in other science subject-matter 
fields. ‘This is, in a sense, unfortunate in 
view of the fact that the great majority of 
the 119 science teachers in this study—ap- 
proximately 76 per cent of them—had been 
called upon to teach general science. 


' Ihid, 


TOWARD A MORE EFFECTIVE USE OF SOUND MOTION 
PICTURES IN HIGH SCHOOL BIOLOGY * 


KENNETH E. ANDERSON, FRED S. MONTGOMERY, HERBERT A. SMITH 


University of Kansas,.Lawrence, Kansas 


AND 


DorotHy SMITH ANDERSON 


Lawrence, 


INTRODUCTION 


Je number of sound motion pictures 
available for use with high school sci- 
ence classes ha$ increased greatly during 
the past decade. This fact alone has made 
the selection of films by high school science 
teachers most difficult. The selection of 
films for instructional purposes should be 
based upon criteria other than appealing 
titles or glowing catalogue descriptions. 

* Made possible by a grant from the University 
oi Kansas, General Research Project 109. Pre 
sented at the Twenty-Seventh Annual Meeting of 
the National Association for Research in Science 
Teaching, Hotel Sherman, ‘Chicago, March 30, 


1954. 


Kansas 


Science educators have long subscribed to 
four pivotal objectives: (1) acquisition of 
factuat information in science, (2) under- 
standing and application of the principles 
of science, (3) understanding and appli- 
cation of the elements of the scientific 
method together with its associated atti- 
tudes, (4) skill in the basic tools peculiar 
to a specific science, for example, in chem- 
istry, the use of apparatus, ability to write 
formulas and balance equations, and to 
work problems based on formulas and 


balanced equations.! 


1Kenneth E. Anderson, “Improving Science 


Teaching Through Realistic Research,” Science 


Education, 37 (February, 1953), 55-61 
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The writers feel that films should be se- 
lected in terms of their contribution to the 
Other 
studies have clearly demonstrated the su- 


objectives of science instruction. 


perior learning of factual information which 
results from the use of films as correlated 
aids to instruction when properly utilized ; 
hence the second large objective, the un- 
derstanding and application of principles, 
was chosen for the purpose of this study as 
a basis for the selection of films to be shown 
to a sample of high school biology classes 
in the high schools of Kansas. 

Martin lists 300 major principles of the 
biological sciences which have been found 
to be of importance in the organization of 
courses for purposes of general education.” 
Obviously, no one person could keep all 
of these principles in mind when viewing 
films. 
principles which they felt were important 
and which tended to rank high in Martin’s 
list of 300 principles. 
ples were reworded to suit the maturity of 
the students participating in the study. No 
doubt other investigators would chose a 
different list and state some of the princi- 


Hence, the writers chose thirty-four 


Some of the princi- 


ples differently than the present group of 
writers. The principles chosen for use in 


this study were: 


— 


. Energy and matter are not created or de- 
stroyed in the reactions associated with the 
life processes, but are passed on from or- 
ganism to organism in endless succession. 

. The energy which makes possible the ac- 
tivity of most living things comes at first 
from the sun and is secured by the organism 
through the oxidation of food within its 
body. 


bo 


ss) 


. All living organisms have other living things 
which compete with them for the available 
energy. 


pay 


. The fundamental life processes are the same 
in all organisms. 


un 


. All living things die, but life continues from 
age to age. 


6. The cell is the unit of structure and function 
in all organisms. 
7. Cells are organized into tissues, tissues int 


organs, and organs into systems, the better 

to carry on functions of complex organisms. 
2W. Edgar Martin, The Major Principles 

the Biological Sciences of Importance for General 

Education, Circular No. 308 May, 1948, Division 
of Secondary Education, Washington 25, D. C. 


8 


9 


— 
_ 


u. 
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. From the lower to the higher forms of life, 
there is an increasing complexity of struc- 
ture, and this is accompanied by a ‘progres 
sive increase in division of labor. 

. Growth and repair are fundamental activities 
of all protoplasm. 

. Reproduction is a fundamental biological 
process that provides for the continuance of 
life on the earth by providing new indi 
viduals. 

. The less the amount of parental care given 
to the offspring, the greater is the need for 
the animals to be prolific. 

. The existing forms of life on the earth are 
only a small part of all the forms of life 
which have existed; there has been a great 
variety of animals and plants which have be- 
come extinct. 


3. The organisms most likely to survive and 


reproduce are those that are structurally and 
physiologically best fitted to their environ- 
ments. 


4. Protective adaptations aid survival. 


_ 
wn 


l 


nN 


19. 


20. 


26. 


.As a rule, the more highly specialized an 


organism is the most likely it is to become 
extinct if its environment changes. 


. Those organisms which cannot adjust them- 


selves to their environment lost out in the 
struggle for existence and since the en- 
vironment is constantly changing living 
things must constantly change. 


. The environment acts upon living things, 


and living things act upon their environment. 


. Life may exist under conditions of light 


from bright sunlight to the complete dark- 
ness of caves or of depths of soil or water, 
and there are few regions on the earth where 
some form of life does not exist. 

A balance in nature is maintained through 
interrelations of plants and animals with 
each other and with their physical environ- 
ment. 

Certain associations of plants and animals 
are the result of a struggle for survival, for 
example, community or social life, parasitism 
and symbiosis. 


. Plants and animals are directly or indirectly 


dependent on the soil. 


. All communicable diseases are caused by 


microorganisms and for éach disease caused 
by such an organism a_ specific microbe 
exists. 


. All living things depend directly or indirectly 


on photosynthesis for food. 


24. All life is dependent on and is controlled by 


certain environmental conditions which in- 
clude food, certain range of temperature and 
shelter. 


. All life comes from previously existing life 


and reproduces its own kind. 

Living things tend to resemble their parents 
in major respects and to differ from them in 
minor respects. 


Acquired characters are not inherited. 
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TABLE I 
Firms EMPLOYED AND PRINCIPLES STRESSED OR COVERED IN EACH 
Principles Principles 
Film Title Covered * Stressed * 
1. Animals—how they eat 3, 4, 5, 8, 10, 2, 13, 14 
12, 15, 16, 17, 
iS. Zi, 23, 2, 
28, 29, 32, 33 
2. Battle of the centuries SF. ta, 215 Oe 3.8.13, 3% 
8. 32 19, 20, 29 
3. Beach and sea animals a i oe ae F 3 i 14 
16, 17, 18, 20, 19, 24, 29, 32 
‘ 23, 25, 28, 33 
4. Bees—city of wax 2; 3, 7, % , 1, 5, 8, 10, 
5, 7, 1 Zi, 11, 20, 24, 25 
23, 26, 28, 29 
32, 34 
5. Body defenses against disease 3, 8, 9, 13, 14, 6, 7, 17, se 
16, 22, 29, 30 
34 
6. Cells and their functions ie Ae EK 4, 6, 7, 9, 
' 14, 16, 17, 18, 10, 24, 25, 29, 
19, 20, 26, 28, 31 
32, 33, 34 
7. Cleanliness and health 3, 4, 9, 10, 13, 6, 7, 22 
15, 18, 24, 25, 
8, 29, 32, 34 
8. Conservation road 3, 1.1 16, L; & a ae 
17, 23, 28 21, 24, 29 
9. Culling sheep ee ee. Br ee 10, 21, 25, 26, 
. 16 W, 9, 28 
23, 24, 29 
10. Endocrine glands 2, 4, 5, 8, 13, 6, 7, 17, 21 
19, 24, 29, 32 28, 34 
11. Evolution as 7, we p< 3 te. 
24, 28, 32 13, 15, 16, 19, 
25, 29. 30. 31 
33 
12. Foods and nutrition oo 37. 2. 23, 29. 34 
19, 21, 24, 32 
13. Gift of the green 5, 6, 7, 8, 9, 1, 2, 19, 23, 29 
10, 12, 16, 17, 
24, 25, 32, 34 
14. Heredity 4, 6, 7, 9, 10, 1, 26, 27. 28 
25, 29, 34 
15. Heredity and environment 10, 12, 19, 26, 13, 16, 17, 21 
27 3, 24, 25, 28 
29, 33 
16. How nature protects animals 10, 11, 16, 20, 3, 13, 14, 17 
21, 26, 28, 29, 19, 24 
32 
17. Human skin 2, 4, 6, 8, 15, L 7, & ao 
16, 19, 23, 24 32 
9, 34 
18. Immunization 8, 15, 17, 24 2? 32 34 
29 
19. Life cycle of the mosquito y ae Fe 7, 9, 10, 11, 13 
23, 28, 29, 30, 14, 16, 18, 19 
32, 34 4 25. 26 
20. Nine basic functional systems 2, 6, 9, 24, 29 4, 7, 34 
of the human body 
ee are identified by referring to the numbered list of 34 principles selected for this 
study. 
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TABI 
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E II 


Fitm TITLes, RUNNING TIMES AND PRODUCERS 


Film Title 


Running Time 


Producer 


1. Animals—how they eat 11 minutes Young America Films 

2. Battle of the centuries 11 minutes Teaching Film Custodians 

3. Beach and sea animals 11 minutes Encyclopaedia Britannica Films 
4. Bees—city of wax 11 minutes Teaching Film Custodians 

5. Body defenses against disease 11 minutes Encyclopaedia Britannica Films 
6. Cells and their functions 14 minutes Athena Films 

7. Cleanliness and health 11 minutes Coronet Films 

8. Conservation road 22 minutes Films Incorporated 

9. Culling sheep 11 minutes Union Pacific Railroad 

10. Endocrine glands 11 minutes Encyclopaedia Britannica Films 
11. Evolution 33 minutes Institutional Cinema 

12. Foods and nutrition 11 minutes Encyclopaedia Britannica Films 
13. Gift of the green 22 minutes Sugar Research Foundation 

14. Heredity 11 minutes Encyclopaedia Britannica Films 
15. Heredity and environment 11 minutes Coronet Films 

16. How nature protects animals 11 minutes Encyclopaedia Britannica Films 
17. Human skin 11 minutes Bray Studios 

18. Immunization 11 minutes Encyclopaedia Britannica Films 
19. Life cycle of the mosquito 11 minutes Young America-Films 

20. Nine basic functional systems 11 minutes Bray Studios 


of the human body 


28. Both heredity and environment are control- 
ling factors in development. 


29. Certain unchangeable natural laws govern 
and control most activities of living things. 

30. The evolutionary history of living things 
shows a definite progression from simple to 
complex forms. 

31. All living things have a common origin. 

32. Reactions to stimuli constitute the behavior 
of all organisms. 

33. The greater the similarity in structure be- 


tween organisms, the closer is their kinship. 

34. Metabolic or chemical changes of an organ- 
ism are retarded or stimulated by catalysts, 
which may be hormones, vitamins, enzymes 
or protoplasmic substances not specifically 
classified. 

All films on biological science in the 
library of the Bureau of Visual Instruction 
at the University of Kansas were surveyed 
by the four writers with the purpose of se- 
lecting films which most clearly stressed or 
covered the thirty-four principles listed 
above. Table I lists the films and princi- 
ples selected by the writers. The principles 
are shown classified into stressed and cov- 
Table II lists the titles, 


running times, and producers of the twenty 


ered categories. 


films. 
THE PROBLEM 
After identification of the principles cov- 
ered or stressed in the twenty films, an 


experimental design was developed in which 


films and principles were introduced into 
an experimental situation in order to de- 
termine the effectiveness of films in con- 
tributing to the understanding and applica- 
tion of principles of biological science when 
different teaching procedures were em- 
ployed. 

Three groups were established as follows : 

Group I. 
films were shown or in which the teachers 
showed some films of their own choice. 

Group II. 


which students saw the films at intervals 


A control group in which no 


An experimental group in 
throughout the school year. Teachers in 
these classes made their own preparations 
for the showing of the films. 

Group III. An 


which saw the films at intervals throughout 


experimental group 
the school year bolstered by the emphasiz- 
ing of the principles covered or stressed in 
each film. The teachers of these classes 
received the following directions with each 


film: 


“Enclosed are sheets listing thirty-four bio- 
logical principles selected from W. Edgar Martin’s 
list of 300 major principles of the biological sci 
You will note upon examination of the 
sheets that the numbers of certain biological 
principles are circled in black, and others in red. 
If the number of the principles is circled in black, 


ences, 
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that principle is covered in the film. If the number 
of the principle is circled in red, that principle is 
stressed in the film. It is important before the 
showing of the film that you point out the princi- 
ples which will be covered in the film. Use the 
chalk board or other means to inform your stu- 
dents of the principles covered in the film. After 
the showing of the film, stress the biological 
principles in your teaching. 

“It is suggested that you give your students 
practice in using the principles or concepts 
stressed in the film. This may be done in one 
or all three ways: a principle can be used (1) to 
explain the things around us; (2) to predict what 
will happen if certain conditions exist; and (3) to 
decide on the best course of action. For example, 
let us consider the following principle: All com- 
municable diseases are caused by microorganisms. 
Foods may contain harmful bacteria. If the food 
contains typhoid bacilli, a person eating that food 
may contract the disease known as typhoid. If 
one drinks water from an unknown source, he may 
contract typhoid providing typhoid bacilli are 
present in the water. Proper disposal of sewage 
plays a large part in keeping typhoid under con- 
trol. The preceding statements are illustrations 
of how you can give your students practice in using 
the principles or concepts stressed in the film. 

“It is imperative in terms of the experimental 
plan that you stress the biological principles 
checked for each film before and after the show- 
ing. Give your students practice in using the 
principles or concepts in each film.” 

Thus, three groups of classes were in- 
volved as follows: Group I, the Control 
Group; Group II, the Film Group; and 
Group III, the Films-With-Principles- 
Stressed Group. Thus, the problem became 
one of testing which method produced su- 
perior results in measured achievement dur- 
ing the period of one school year of instruc- 
tion. The design adopted required that 
differences which might occur in perform- 
ance of the three groups were to be tested 
for significance by assumption of the null 
hypothesis. 

TESTS USED IN STUDY 

In order to secure necessary data as a 
basis for a statistical test of the null hypoth- 
esis, it was decided to administer three tests 
as follows: 

1. The Nelson Biology Test, Form Am, 
as a pre-test at the beginning of the school 
year, 1952-53.8 

3 Nelson Biology Test, Forms Am and Bm. 


Published by the World Book Company, Yonkers 
on-Hudson, New York, 1951. 
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2. The Nelson Biology Test, Form Bm, 
as a post-test at the end of the school year, 
1952-53.* 

3. The Terman-McNemar Test of Men- 
tal Ability, Form C, 
during the middle of the school year, 1952- 
53.4 


The Nelson Biology Test was chosen 


as an intelligence test 


since its general objectives are consistent 
with the objectives of instruction in modern 
science teaching. The general objectives 


covered by the test are: * 


_ 


. Knowledge of biological facts, concepts, and 
principles. 


to 


. Understanding of biological facts, concepts, 
and principles. 


wn 


. Ability to recognize cause-effect relationships 
. Ability to interpret data and to draw sound 
conclusions therefrom. 


+ 


ws" 


. Ability to recognize and to test 


hvpothneses ; 


to recognize and solve problems 


_ 


. Ability to evaluate critically experimental pro- 
cedures and real situations having scientific 
implications. 


THE SAMPLE 


At the beginning of the project, it was 
hoped that about twenty-five high school 
biology classes might be obtained by means 
of random selection for each of the three 
treatment groups described in the previous 
section under Problem. Since at least two 
studies ®** have shown that the size of 
school was a factor in the achievement of 
students in high school science, it was de- 
cided to select schools at random from 
within the enrollment bracket of 100 to 
200 students. 


enrollment bracket had but one biology 


Most of the schools in this 


class and at the most two biology classes 


*Terman-McNemar Test of Mental Ability 
Form C. Published by the World Book Company, 
Yonkers-on-Hudson, New York, 1941 

5 Nelson Biology Test, Forms Am and Bm, 
Manual of Directions. Published by the World 
Book Company, Yonkers-on-Hudson, New York, 
1951, pp. 1-2. 

® Kenneth E. Anderson, “A Frontal Attack on 
the Basic Problem in Evaluation: The Achieve- 
ment of the Objectives of Instruction in Specific 
Areas,” Journal of Experimental Education, 18 
(March, 1950), 163-174. 

7 Kenneth E. Anderson, “A Study of Achieve 
ment in High School Chemistry in Several Eastern 
and Midwestern States,” Science Education, 34 
(April, 1950), 168-176 
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All of the schools in this enrollment bracket 
were assigned a number from 0 to 104. 
Using a table of random numbers, the first 
school with a number under 74 was as- 
signed to Group I, the second school with a 
number under 74 was assigned to Group II, 
and the third school with a number under 74 
was assigned to Group III. This process 
was continued until 25 schools were ob- 
tained for each of the treatment groups. 
Letters were sent to these schools asking 
them to participate. Affirmative responses 
were obtained from 60 schools as follows: 
Group I, 24 schools, Group II, 18 schools, 
and Group III, 18 schools. Since the time 
between school selection and the opening 
of school was short, no attempt was made 
to secure additional schools in order that 
25 schools might be included in each group. 
A total of 1354 students participated in the 
study. Group I contained 534 students, 
Group II contained 405 students, and 
Group III contained 415 students. 


STATISTICAL ANALYSIS OF THE DATA 

One of the assumptions underlying the 
use of many statistical techniques, and the 
technique of analysis of variance and co- 
variance, which are used in this study is 
reasonable normality of test data. The 
scores obtained by administering the three 
tests to the entire population in this study, 
were tabulated into frequency distributions 
and plotted on normal probability paper. 
All three lines were approximately straight 
indicating normality of test data on all 
three tests. 

ANALYSIS 1 

Before the test data in each treatment 
group could be pooled, the assumptions 
basic to pooling on the end-test had to be 
satisfied, namely: (1) homogeneity of vari- 
ances, and (2) homogeneity of means. The 
assumptions were tested for all of the 
schools within each treatment group. The 
first assumption was tested by using the 
L-test on the “sum of squares within 
groups,” and the second assumption was 
tested by using the F-test, in which F was 
found by dividing the mean square between 
groups by the mean square within groups. 
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Twenty-two groups of the twenty-four 
in Group I met the assumptions basic to 
pooling. Fourteen groups of the eighteen 
in Group II and only eleven groups of the 
eighteen in Group III met the assumptions. 
Thus, thirteen schools were lost on this 
basis for use with the technique of analysis 
of variance and covariance where pre-test 
scores and intelligence test scores were held 
constant. 

The assumptions which had to be met 
hefore the final step could be applied were: 
(1) homogeneity of variances using the 
end-test scores for the three pooled groups, 
and (2) homogeneity of regression within 
groups for the three pooled groups. These 
assumptions were tested by using the L-test. 
L. values of .994 and .994 were obtained in 
each instance. These values are not sig- 
nificant at the 5 per cent level with k equal 
to 3 and with a harmonic mean equal to 
306. 

One final step was now in order, namely, 
the calculation of the F ratio using the 
adjusted sums of squares. The results 
are shown in Table III. 

Thus, the null hypothesis was accepted 
and it was concluded that no differences in 
achievement existed between the three 
groups holding intelligence test scores and 
pre-test scores constant. Adjusted means 
were computed for the three groups as 
Group I, 34.20; Group II, 34.18; 
and Group III, 34.86. 


follows: 


ANALYSIS II 

Due to the fact that thirteen groups of 
the sixty could not be used in analysis of 
variance and covariance approach, attempts 
were made to locate significant results by 
other methods which would include all 
sixty groups, and thus, all the students in 
the study. 

One such attempt was made by dividing 
each of the three treatment groups into 
three sub-groups according to intelligence 
test scores as follows: 

1. Students with intelligence test scores above 
106. 


2. Students with intelligence test scores between 
86-106. 
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TABLE III 


ANALYSIS OF VARIANCE AND COVARIANCE WITH INTELLIGENCE TEST SCORES AND 
Pre-Test Scores HELD CONSTANT 


Source of Variation dis Sum of Squares Mean Square F Prob. 
Within groups 1021 40641 .09 39.81 
Between groups 2 82.34 41.17 1.034 P> .05 
Total 1023 40723 .43 
3. Students with intelligence test scores below p=np=.5(20) = 10.000 


85. 

Selection of scores of 86 and 106 was made 
because these values marked the thirty- 
third and sixty-sixth percentiles for the 
distribution of intelligence test scores for 
all students in the study. 

The intelligence test scores and gains 
from pre-test to post-tests were recorded 
for all students. Thus, a total of nine sub- 
groups, three in each initial treatment 
group, based on the categories of intelli- 
gence described above were identified. If 
a student in Group III whose intelligence 
test score was 106 gained ten points from 
the pre-test to the post-test, the gain was 
reported as a plus 10. All students in 
Group III, whose intelligence test scores 
were 106, had similar gains or losses re- 
corded. The average gain or loss for stu- 
dents in Group III at an intelligence test 
score of 106 was computed. The same 
procedure was used at all other scores in 
the three intelligence test categories for 
each of the treatment groups. The average 
gain or loss of students in Group III at a 
specified intelligence test score was paired 
with the average gain or loss of students in 
Group II with the same intelligence test 
score. If the average gain of the students 
in Group III exceeded the gain of students 
in Group II, the difference was labeled a 
plus. If the reverse was true, it was 
labeled minus. 

Thus, in the intelligence category con- 
stituting the middle third having scores 
ranging from 86 to 105, 13 pluses and seven 
minuses were obtained. The sign test § 
was applied as follows: 

8 Palmer O. Johnson, Statistical Methods in Re- 


search, New York, Prentice-Hall, Inc., 1949, 
p. 80. 


— 


o = \/npq = .5\/20 = 2.236 





n(P.—.50) 20 (13/20—.50) i! 
Papen vil, ae — ss — = 1.34 


236 


P>.05 


X was referred to the normal scale, from 
which it was found that P=.1802 or 
P>.05. 

Thus, it was concluded on the basis of 
the pairing used and the sign test, that 
Group III in the middle third intelligence 
test category, did not gain significantly 
more from the pre-test to the post-test than 
did Group Il. 


for the other eight comparisons by means 


Similar analyses were made 


of the sign test. The results appear in 


Table IV. 


TABLE I\ 

Sicn Tests on GAINS (Pre-Test to Post-Test) 
FOR THE NINE COMPARISONS BETWEEN TREAT- 
MENT GROUPS IN THREE CATEGORIES 
ACCORDING TO INTELLIGENCE 


Intelligence 
Test Category 


in Terms of Comparisons of Groups 


Scores III-I III-II II-I 
106 and above 3.48** 3.21** —().47 
86 to 105 —().45 1.34 0.00 
85 and below 2.47% 2.41 0.85 


* Significant at the 5 per cent level 

** Significant at the 1 per cent level. 

Since students were not paired prior to 
the application of the sign test, and since 
comparisons were made on the basis of 
average gains or losses, were not differences 
in intelligence obscured? Application of 
srandt’s method® to the distribution of 
intelligence test scores for Group III and 
Group II in the middle-third intelligence 
test category produced a chi-square value 


® Tbid., pp. 94-95 
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TABLE V 


CALCULATION OF CHI-SQUARE FOR Two FREQUENCY DISTRIBUTIONS OF INTELLIGENCE TEST’ SCORES 
Group III TreatMENT Group Versus Group II TREATMENT Group 


Group 
Ill I] 
Class Intervals (a’) (a) 
104-105 15 23 
102-103 11 7 
100-101 10 18 
98-99 14 14 
96-97 10 13 
94-95 11 12 
92-93 1] 15 
90-91 11 23 
88-89 12 15 
86-87 9 18 
Total 114 158 

l 


Chi-square=- 
{ 


Chi-square=6.5289 
of 6.5289 with an n equal to 9. The proba- 
bility value of the chi-square obtained lies 
between .70 to .50. Thus, it was concluded 
that the divergencies between the observed 
frequencies in the two distributions could 
have arisen by chance. Calculations of chi- 
square for one comparison are shown in 
Table V. 


lated in the same manner, are shown in 


Similar chi-square values, calcu- 


Table VI for the other eight comparisons. 
None of the values in Table VI is significant 
and thus clearly demonstrates the homoge- 
neous character of sub-groups compared 
with respect to intelligence test scores. 
Since the application of Brandt’s method 
to the distributions of intelligence test 


scores between treatment groups in the 


5809) (.4191) 


a 
> ——_ — 
P= P af aP 
a+a a 

.6053 13.9219 
. 3889 2.7223 
.6429 11.5722 
.5000 7.0000 
.5652 7.3476 
.5217 6.2604 
.5769 8.6535 
.6765 15.5595 
.5556 8.3340 
.6667 12.0060 
.5809 93.3720 


| (93.3720— (158) (5809) ] 


.70>P >.50 


three categories according to intelligence, 
revealed no significant differences in in- 
telligence between the groups taken two 
at a time, it was concluded on the basis of 
the values given in Table IV that: (1) 
superior students in terms of intelligence 
test scores in Group III gained significantly 
more on the Biology test from the pre-test 
to the post-test than did superior students 
in Groups II and I, and (2) inferior stu- 
dents in.terms of intelligence test scores in 
Group III gained somewhat more on the 
Biology test from pre-test to post-test than 
did inferior students in Groups [I and I. 
These findings tend to corroborate the con- 
clusions reached by Smith in an extensive 


analysis of the influence of intelligence in 


TABLE VI 
Cui1-SQUARE VALUES FOR NINE COMPARISONS TESTING HOMOGENEITY OF INTELLIGENCE TEST 
Scores (FREQUENCY DiIsTRIBUTIONS) BETWEEN TREATMENT GROUPS 


Inte lligence Test 


Group III 


Chi-Square Values * 





Category in Terms versus 
of Scores Group | 

106 and above 13.7482 
(n=10) 

86 to 105 0.9159 
(n—9Y) 

85 and below 1.7478 
(n=10) 


Group III Group II 
versus versus 
Group II Group I 
4.2736 10.7402 
(n=9) (n=10) 
6.4289 8.1376 
(n=9) (n=—9) 
2.2285 7.0891 
(n=12) (n=11) 


* None of the chi-square values were significant at the 5 per cent level. 
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TABLE VII 


3asic DATA AND CALCULATIONS OF THE CONFIDENCE INTERVAL OF THE RATIO 
VARIANCE FOR Group | 


VARIANCE TO PreE-TES1 
Pre-Test 
N 2x =X? 


534 16849 570529 


Tyy 


~ \/[NEX? 


~ \/[534(570529) — (16849)2] [534(707798) — (18560) 2] 


* Post-TEest 


Post-Test 
ZY =Y? =XY 


18560 707798 623409 


N=XY— (2X) (ZY) 
—({=X)2] [NEY2—(2Y)?] 


534 (623409) — (16849) (18560) 


— +[°5 = | t= 1+ |* pr] 1.97 = 1.0031 
a he = 532 


Vk? —1 = .0788 


k + \/k? —1= .9234 and 1.0819 


Variance X = N=X2— (2X )2/N?2 = 20773685/285156= 72.8502 ( Pre-test) 


Variance Y= NZY? 


— (SY )?2/N? = 33490532/285156 = 117.4463 ( Post-test) 


Variance ratio= 117 .4463/72.8502 = 1.6122 


(sx?—ss?) \/N—2 


S.- — Sy- ae 


(117.4463—72.8502) 1/532 
? 


8.65 P<.01 


; ~ \/4 —r2) (Sx? * Sy?) 

\4( .4148) [ (117.4463) (7 
L=(1.6122) (.9234) =1.4902 
L= (1.6122) (1.0819) = 1.7442 


affecting the learning of students on the 
content of motion pictures.’” 


ANALYSIS III 

An interesting area of speculation in the 
interpretation of an experimental study is 
“It is here 
suggested as a postulate in educational 
philosophy that greater variation in class- 


suggested by Lucow who said: 


room achievement is evidence of the release 
oi individual differences among pupils dur- 
ing the learning process.” 1!” Lucow went 
one to say: “A change in variance from 
pre-test to after-test was considered to be 
of greater import than the change in means, 
under the assumption that greater variance 
ili a group indicated greater expression oi 
individual differences.” ™ 


10 Herbert A. Smith, “Intelligence as a Factor 
in the Learning Which Results from the Use of 
Educational Sound Motion Pictures,” Journal of 
Educational Research, 46° (December, 1952), 
249-261. 

11 William Harrison Lucow, “The Use of Anal- 
ysis of Variance in Estimating the Components 
oi Variation in An Experimental Study of Learn- 


Which of the three methods as used in 
this study produced the greatest change 
ii variance from the pre-test to the post 
test? In order to answer this question, it 
was necessary to establish a confidence in- 
terval for the ratio of post-test variance to 
pre-test variance for each of the three 
treatment methods. Group I will be used 
the statistical method 
Table VII con- 
tains the basic data and calculations fot 
Group 1. 


as an illustration of 


used in all three groups 


Using a confidence coefficient of .95, the 
upper and lower limits of the confidence 
interval are, respectively 1.4902 and 1.7442. 
It can then be stated that the interval 
(1.4902—1.7442) will cover the chance 
fluctuations of the variance ratio and it is 
known that the statement concerning the 
limits of the variance ratio will be correct 


ing,’ Doctoral Dissertation, University of Minne- 
sota, 1953, pp. 120-121. (A Summary of Lucow’s 
thesis appeared in the March, 1954 issue of the 
Journal of Experimental Education (pages 265- 
271) and describes the statistical method used in 
Analysis III of this study.) 
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TABLE VIII 
CoNFIDENCE INTERVALS OF Pre-Test AND Post-Test VARIANCE Ratios WitH TESTS OF THE 
SIGNIFICANCE OF THE DIFFERENCE BETWEEN Pre-Test AND Post-TEsT VARIANCES 


Treatment Variance Confidence 


Groups N Rati Interval * 
I 534 1.61 1.4902-1.7442 
{I 405 1.58 1.4395-1 .7364 
Il] 415 2.08 1.8997-2 .2866 


* Confidence coefficient of .95. 
in 95 per cent of such cases. Another way 
of stating the conclusion given by the final 
results in Table VIII is that the ratio of 
the post-test variance to the pre-test vari- 
ance in the population could be as low as 
i.4902 to as high as 1.7442 and still, fall 
within the limits which random sampling 
would permit. It is evident from Table 
VIII that the confidence interval for Group 
III is considerably broader than in either 
Group II or Group I. 

Table VIII gives the essential data for all 
three treatment groups according to the 
method outlined in Table VII. 

3efore conclusions can be drawn from 
the results in Table VIII, it is important 
that the homogeneity of the distributions of 
intelligence test scores for each of the treat- 
ment groups be established. This was done 
by the method described in Analysis II. 
The results of these comparisons yielded 
chi-square values as follows: (1) Group 
III versus Group II, 11.557 with an n 
equal to 20; (2) Group III versus Group 
I, 15.256 with an n equal to 20; and (3) 
Group II versus Group I, 22.274 with an 
n equal to 20. None of these values was 
significant at the 5 per cent level. Thus, 
it was concluded that the three groups did 
not differ from each other with respect to 
homogeneity of intelligence test scores. 

In addition, the increase in variance from 
pre-test to post-test would not have much 
meaning unless the mean gain from pre-test 
to post-test were significantly different from 
zero. The mean gain from pre-test to 
post-test was calculated for each treatment 
group and divided by the standard error 


Width of 


Confidence 


t-test of Significance 
between Variances 


Interval t as. Hypothesis 
.2540 8.65 532<.01 Rej. 
. 2969 6.90 403< .01 Rej. 
. 3869 11.38 413<.01 Rej. 

of the difference using the following 


formula : }* 





The results of these test yielded t-values of 
14.450, 8.514, and 10.596 for Groups ITI, 
Ii, and I respectively. All of these values 
are significant at the 1 per cent level indi- 
cating that the mean gain in each case was 
significantly different from zero. 

Thus, on basis of the results tabulated 
in Table VIII it may be concluded that 
Method III produced the greatest increase 
in variance from pre-test to post-test and 
thus was superior to Methods II and I. On 
the same basis, it may be concluded that 
Method II was superior to Method I. 


SUMMARY 


On the basis of the three techniques of 
statistical analysis used in this study, and 
within the limitations imposed by the tests 
employed, it may be concluded that: 

1. No differences in achievement existed 
between the three treatment groups hold- 
ing intelligence test scores and pre-test 
This conclusion must be 
tempered by the fact that thirteen of the 
sixty groups could not be used in the 
analysis because of failure to meet one or 


scores constant. 


more of the assumptions basic to the design 
of the investigation. 

2. Differences in achievement existed be- 
tween the treatment groups of the upper 
one-third in intelligence as measured and 
that these differences were in favor of the 
Group III or the Films-with-Principles- 


12 Palmer O. Johnson, of. cit., p. 78. 
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Stressed Group as contrasted to Groups I! 
and I or the Film Group and the Control 
Group. The same conclusion applies for 
students in the lower one-third in intelli- 
gence as measured but the differences were 
not as marked. 

3. Another index of the superiority of 
Method III to Methods II and I was found 
in the increase in variance from pre-test 
te post-test. Method II was superior to 
Method I in this same respect. 
that the 
Method 
yielded results somewhat superior to the 
Film Method, and that the Method 
yielded results somewhat superior to a 


Thus, there is some evidence 


Films - with - Principles - Stressed 
Film 


conventional method as used in Control 


Group. 
IMPLICATIONS 


This study has indicated that a choice of 


films in harmony with the objectives of 
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instruction in a particular academic area is 
capable of yielding superior results in learn- 
ing if the proper choice of films is accon 

panied by realistic film utilization which en 

phasizes selected objectives of instruction ir 
an academic area. Since only one objective 
of instruction was selected for emphasis 11 
this study, it is to be expected that filn 

utilization plans which cover all of the 
major objectives of instruction in an are 

will produce even greater learning on the 
part of students in science and other areas 
of instruction. 

Thus, it would seem that a great service 
would be rendered to students and teachers 
if film producers would join with subject- 
matter experts in producing films in har- 
mony with the objectives of instruction and 
provide lesson plans for the showing of 
films which would help the teacher stress 
the objectives of instruction appropriate 
to her area. 


THE IDENTIFICATION AND EVALUATION OF PRINCIPLES 
OF SOIL AND WATER CONSERVATION FOR INCLUSION 
IN THE SECONDARY SCHOOL CURRICULUM * 


HARLEY 


GLIDDEN 


Colorado State College of Education, Greeley, Colorado 


- the past four decades, two World Wars 
and huge military defense programs have 
tremendous 


resulted in a drain on the 


natural resources of the world and most 


especially on those of the United States. 
Concurrent with the defense program fol- 
lowing World War II, and the “police” 
action in Korea, the United States has “en- 


joyed” an immense business expansion pro- 


* Based on a thesis entitled “The Identification 
and Evaluation of Principles of Soil and Water 
Conservation for Inclusion in the Secondary 
School Curriculum,” presented to the Faculty of 
The Graduate College in the 
Nebraska in Partial Fulfillment of Requirements 
for the Doctor of 1953. 
Paper presented at the Twenty-Seventh Annual 
Meeting of the National Association for Research 
Hotel Chicago, 


University of 


Degree of Philosophy, 


in Science Teaching, Sherman, 


March 30, 1954. 


gram in an attempt to supply consumer 
goods for a hungry market and to supply 
manufactured goods, food, and textile prod- 
ucts to war-ravished countries of the world. 
To meet such needs natural resources it 
huge quantity are required. 

Informed citizens and some of our gov- 
ernment officials have seen, in the resulting 
depletion of our natural resources, a threat 
to our future security. Recognizing this 


threat many persons and organizations, 


governmental, philanthropic, and educa- 
tional, have been active in instituting a pro 
effort to 


Such an 


gram of mass education in an 


combat this destruction. educa- 


tional program if it is to be as effective 
as it apparently must be to accomplish its 


full purpose, must reach all American citi- 
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zens. The application and practices of 
conservation rests finally with those persons 
directly active in the extractive industries. 
These are essentially those included under 
the general categories of agriculture, min- 
ing, petroleum, fishing, and forestry. How- 
ever all citizens, whether they live in 
country, town or city, must be conserva- 
tionists in spirit and attitude, for it has 
been public opinion which many times has 
brought about control and regulation re- 
sulting in proper protection of the interests 
of all. 

The goals of conservation education seem 
to have been set up ably by a subcommittee 
on Conservation Education of the Cali- 
fornia Committee for the Study of Educa- 
tion. This committee says: ! 

The outstanding aim of conservation education 
is to develop a people in whom an attitude and 
spirit of conservation has become as much a part 
of the individual personality as courtesy, good 
manners, honesty and thrift. Such a people will 
look upon our natural resources, not as properties 
that may be owned outright, and used or misused 
according to the desire of the moment, but as 
wealth held in trust for the present and future 
welfare of all. 

The question so often asked by teachers 
who want to teach conservation is, “What 
out of the subject matter presented in the 
great mass of printed material shall I teach 
to better prepare my students to be good 
citizens ?” 

The crowded school curriculum often 
prohibits the inclusion of a course in con- 
servation of natural resources per se. If 
the curriculum could be expanded to in- 
clude a course in the conservation of nat- 
ural resources, how, without making the 
course compulsory, can we hope to inform 
those who do not elect to take the course * 
The answer seems to be that the important 
subject matter must be integrated into 
present courses. What subject matter shall 
be used ? 

This study represents an attempt (1) to 

' California, Department of Natural Resources 
in cooperation with the Department of Education, 


Guidebook for Conservation Education, March, 
1950, p. 3. 
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determine the subject matter of soil and 
water conservation most essential for in- 
clusion in established courses of the sec- 
ondary school curriculum, and (2) to de- 
termine to what extent high school seniors 
are able to demonstrate mastery of this 


subject matter. 


Definition of Conservation 

A preliminary requisite for the planning 
of any satisfactory program of conservation 
education is a definition of conservation 
which everyone can understand and accept. 
The following has been selected for the 
purpose of this study. “Conservation is 
the wise use of natural resources for the 
benefit of all people on a permanent and 
continuing basis.” 

This study has been limited to the con- 
servation areas of soil and water, as these 
two resources are considered basic to all 


conservation. 


Statement of the Problem 


The problem of this study has been to 
seek an answer to the following questions : 

1. What principles within the area of 
soil and water conservation should be de- 
veloped at the secondary school level ? 

2. How well are these principles being 
learned from active participation in Ameri- 
can life, as from school, club work, reading, 
listening to the radio, ete. ? 


3. Do modifications « 


f the secondary 
school curriculum in the areas of soil and 


water conservation seem desirable? 


Definition of Terms 


\ number of the more important terms 
used in this study are defined as follows: 

Conservation. ‘Conservation is the wise 
use of natural resources for the benefit of 
ali the people on a permanent and continu- 
ing basis.” * 

Vatural Resources. Natural resources 
are all things produced by nature which are 


2 Ibid., p. 3 
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used to promote the complex activities of 
modern civilization. 

Renewable Natural Resources. Renew- 
able resources are those which create or 
sustain their own existence. The renewable 
natural resources include the forests, grass 
lands, and other natural vegetative life as 
well as animal life, water, and soil fertility. 
Such resources either renew themselves 
by reproduction, or are continued in sup- 
ply by natural processes which can be aided 
or obstructed by man. 

Non-Renewable Natural Resources. Non- 
renewable resources are those which are 
not organic and not of themselves creative. 
They are used to support and increase 
prosperity and security. They include soils, 
mineral wealth, petroleum, gas, and coal. 
These resources are non-renewable in the 
sense that they do not reproduce them- 
selves, that nature requires ages to produce 
them, and that man has not yet found a 
way to speed their process of creation. 

General Education. The term “General 
Education” designates those educational 
activities which are designed to meet the 
needs of all pupils enrolled in elementary 
and secondary schools without regard to 
future vocational or professional interests. 

Prinicple. 


applying to soil and water, as used in this 


A principle of conservation 


study, is defined in terms of criteria as 
follows: 

1.To be a principle a statement must be a 

comprehensive generalization expressing a 
relationship between facts in the areas of 
soil and water conservation which can be 
verified by demonstration or by observation 
of natural events. 

2.It must be true without exception within 

limitations specifically stated. 

3. It must not be a definition. 

Specialist. The term “specialist” as ap- 
plied in the field of soil and water conserva- 
tion is used to denote one whose training 
and employment is devoted to the applica- 
tion of proper soil and water conservation 
practices. These men are usually employ- 
ees of the State or Federal Soil Conserva- 
tion Service, or of the State or Federal 
Forest Service. A specialist customarily 
limits his activities to one particular o1 
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specific phase of soil and water conserva- 
tion, such as soils, range management, 
watershed management, irrigation and/or 
drainage (hydraulic engineers), grasses, 
and general farm practice. 

In this study, the terms secondary cur- 
riculum specialist or “educator” are used 
to designate one who is a recognized pro- 
fessor of education or one whose position 
as supervisor, principal, or superintendent 
of schools involves responsibility for the 
curriculum. 

The term “science educator,’ in this 
study, is used to designate a supervisor 
of the science curriculum in either ele- 
mentary or secondary schools or an in- 
structor or professor in departments of edu- 
cation in colleges and universities who is 
especially interested, experienced, and com- 
petent in the field of science teaching. 

Survey of Method to Be Employed 

The method employed in this study in- 
volved the following steps: 

1. Acquiring from specialists and recog- 
nized practicing conservationists in the area 
of soil and water conservation lists of 
available bulletins, monographs, pamphlets, 
and other printed material which these 
persons designated as containing subject 
matter and materials valuable as a part 
of the knowledge of all citizens and there- 
fore desirable for inclusion in the secondary 
school curriculum. 

2. Analysis of these materials to deter- 
mine the principles contained or developed 
in the recommended material. This list 
of principles was reexamined and revised, 
checked for duplication, and weighed 
against the definition of a principle as de- 
fined for this study. 

3. Submission of the resulting list of 
principles to additional specialists (not used 
in step 1) who were asked to check for 
accuracy of subject matter, for clarity of 
statement, for omissions, duplications, and 
pertinent additions. 

4. Submission of the refined list of prin- 
ciples to two different groups of specialists 


in education, science educators and second- 
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ary curriculum educators, for evaluation 
with reference to the adaptability and im- 
portance of the principles for inclusion in 
the secondary school curriculum. 

5. Statistical analysis of the evaluations 
of the principles as made by these two 
groups. 

6. Elimination of undesirable principles 
on the basis of statistical data. 

7. Preparation of a test intended to 
f 
the more important and adaptable princi- 


measure knowledge and understanding « 


ples as selected by the evaluating groups. 

8. Establishment of the validity and re- 
liability and internal consistency of this 
test through trial with classes at Colorado 
State College of Education which had just 
completed the study of conservation in a 
course in the conservation of natural re- 
sources and with a trial group of elementary 
teachers who had had no formal training 
in such subject matter. 

9, Revision of the test to secure a valid 
and reliable test instrument. 

10. Administration of the revised test 
to first quarter freshmen at Colorado State 
College of Education to determine the in- 
ternal consistency and reliability of the 
final form of the test. 

11. Administration of the test to seniors 
in selected secondary schools to determine 
the extent to which these principles are now 
being taught or vicariously learned through 
the student’s participation in American 
life. 

12. Analysis of test results to determine 
whether or not the principles considered 
to be important are now adequately taught 
in the existing secondary school curriculum 
or are being vicariously learned through 
participation in American life. 


COMPILATION AND REFINEMENT OF BASIC 
LIST OF PRINCIPLES OF SOIL AND 
WATER CONSERVATION 
Selection of Materials from Which 
Principles Were Compiled 

The plan of identifying the subject matter 
in the areas of soil and water conservation 
desirable for inclusion in the secondary 
school curriculum was to obtain such sub- 
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ject matter in booklet, pamphlet, mono- 
graph, and bulletin form, then to state the 
subject matter as principles. Such publi- 
cations are numerous, having been prepared 
by specialists and conservation experts for 
distribution by government agencies, both 
federal and state, by industrial concerns, 
by philanthropic organizations, and by ed- 
ucational groups. In this identification, a 
promising approach seemed to be through 
the experience of such experts. 

Twenty-eight specialists and practicing 
conservationists checked lists, added and 
commented upon publications with which 
they were acquainted and which contained 
subject matter that they, as specialists and 
practicing conservationists, would consider 
essential in the knowledge of every citizen. 
These men were regional, state, and district 
conservationists of the Federal Soil Con- 
servation Service, and personnel from the 
Federal Soil Conservation Service in the 
office at Washington, D. C. 

Seventy-four different bulletins, pam- 
phlets, and monographs were listed. Each 
publication mentioned more than 3 times 
(twenty-nine in number) was examined 
for information which might be used in 
determining the principles appropriate to 
use as a guide in the selection of learning 
experiences for all pupils in the secondary 
school. Books, both textbooks and trade- 
books, in soil and water conservation were 
purposely excluded from consideration. 

A careful and detailed study of the ma- 
terials most frequently designated was made 
to identify the basic subject matter. \ 
list of nearly 400 items was compiled as a 
result of this analysis. The approximately 
400 items were then checked and rechecked 
to eliminate duplication and for compliance 
with the definition of a principle as stated 
for this study. As a result of this elimina- 


tion, 94 principles were developed. 


Evaluation of the Original Unrefined 
List of Principles 
A duplicated list of the 94 original princi- 
ples was then sent to each of 12 conserva- 
tionists, none of whom had been included 


in the preceding group but all of whom 
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were specialists in various and particular 
phases of soil and water conservation. 

These 12 experts (100% returns were 
received ) checked the 94 principles for ac- 
curacy of subject matter, for clearness of 
statement, and for desirability in general 
education. At the suggestion of these crit- 
ics, one item was eliminated, seven were 
added, and 72 were revised. The first 
refinement then resulted in an even 100 
principles. 

To establish the appropriateness of the 
subject matter suggested by these 100 
principles, it was deemed necessary that 
the principles be examined and evaluated 
for desirability for inclusion in the second- 
ary school curriculum by persons who had 
taught or were teaching and supervising 
secondary school science courses and who 
were experienced in training secondary 
school science teachers. A second group 
composed of secondary school curriculum 
educators was also asked to evaluate the 
same 100 principles as to advisability and 
feasibility of using these principles in the 
selection of learning experiences in the 
secondary school courses. In final judg- 
ment, it is probably these two groups who 
determine largely what is to be included in 
the secondary school science curriculum. 

Forty-three science educators and 34 
specialists in the secondary school curricu- 
lum and in secondary education served as 
evaluators. The technique used is a modi- 
fication of a technique of “Equal Appearing 
Intervals’ developed by L. L. Thurstone 
and E. J. Clare for use in the measurement 
of attitudes.” 

Each evaluator was provided with the 
one hundred slips of paper, each bearing 
the statement of a different principle of 
conservation, and with six envelopes which 
were lettered A, B, C, D, E, and F, re- 
spectively. The suggestion was made that 
the six, lettered envelopes be arranged in 

Thurstone, Louis Leon and Clare, Earnest 
John, The Measurement of Attitude: A Psycho- 
physical Vethod and Some Experiments with a 
Scale for Measuring Attitude Toward the Church 
University of Chicago Press, Chicago, 1929 
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regular order on a desk or other flat sur- 
face. The evaluator was asked to conside 
each principle and make his individual 
judgment as to that principle’s desirabilit 

for inclusion in the secondary school cur 
riculum. If in his judgment a_ principl 
was very desirable for the purpose as stated, 
the slip bearing the statement of that pri 

ciple was to be placed on the envelope 
marked A. If in his judgment a principl 
was deemed to be of little or no value as 
an objective when selecting learning ex 
periences in the secondary school, the: 
that principle was to be placed on the en 
velope marked E. If in the evaluator’s 
judgment the desirability of the principle 
was considered to be between the above 
extremes, then that principle was to be 
placed on the envelope marked C. Thus, 
all slips on which principles were stated 
were reduced to three categories. 

The evaluators were then asked to sepa- 
rate the principles on envelope A into twé 
groups, A ‘and B, placing those most de- 
sirable in envelope A and those less de- 
sirable in envelope B. They were asked 
to repeat this procedure with the slips 
originally placed on envelope C, separating 
them by the same process and placing them 
in envelopes C and D; the slips on envelope 
I were to be divided by the same method 
and placed in envelopes E. and F. Thus 
all principles were arranged on a six-point 
scale. The envelopes were than sealed and 
returned to the writer. 

Frequency distributions were then made 
for each principle by tabulating the number 
of times that particular principle was placed 
in each of the six scale values by the 43 
science educators. Similarly frequency 
distributions were made for each principle 
by tabulating the number of times each 
principle was placed in each of the six scale 
values by the 34 curriculum experts. This 
procedure resulted in two frequency distri- 
butions for each principle. . Means and 
standard deviations were calculated from 
each of the frequency distributions. 


The first technique used in determining 
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whether or not a significant difference ex- 
isted between the ratings assigned each 
principle by the two groups of evaluators 
was a calculation of the t-value for each 
of the 100 principles. The statistic “‘t,” 
based upon the difference of the two means, 
is a measure of divergence of fact from an 
hypothesis. The hypothesis tested here is 
that no significant difference exists between 
the true means if we assume that the true 
variances of the two groups are equal. The 
accuracy of the latter hypothesis of equal 
variances will be shown in a later section. 


he t-ratio was calculated for each principle 


by use of the formula * 
M,—M=, 
t=- ee 
: Sd,- tScd.- ] 1 


s ny+ny—2 my | Ne 

Using the applicable degrees of freedom 
(75 in this case) it was found that the null 
hypothesis could be rejected at the 1 per 
cent level of confidence for only two of the 
100 principles and at the 5 per cent level 
of confidence this hypothesis could be re- 
jected for an additional ten of the 100 
principles. 

To determine further whether or not 
a significant difference existed between the 
ratings assigned each principle by the two 
groups of evaluators, the standard devia- 
tions of the ratings assigned each principle 
by the two groups of evaluators were sub- 
jected to the “F” test. This test deals 
with the ratio between the corresponding 
estimates of the true variances rather than 
directly with the difference between the ob- 
served standard deviations.*° The F-value 
or “variance ratio” was calculated by use of 


formulas as follows: ‘ 


Sd," 
(l.) os 

N, l 

Sd." 
(2 )«@ oa = 

N.—1 


‘ Lindquist, E. F., Statistical Analysis In Edu 
cational Research, Houghton Mifflin Company, 
Boston, 1940, p. 56-57. 

5 Guilford, Joy Paul, Experimental Statistics v 
Fsychology and Education, McGraw-Hill Book 
Company, New York, 1950, p. 232 

6 Lindquist, op. cit., 60 ff. 
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The “F” values for but three of the prin 
ciples indicate a significant difference at the 
5 per cent level, while none indicate a sig 
nificant difference at the 1 per cent level 

The results from the techniques just de 
scribed indicated that for the majority o 
the principles the difference in rating by 
the two groups of evaluators was not sig 
nificant. However, as a further check o1 
differences in ratings by the two groups, it 
was thought desirable to calculate the co 
efficient of correlation between the meat 
of the ratings for each principle assigned 
by one-half of each group of evaluators, 
selected by random method, with the meat 
of the ratings of each principle assigned by 
the other half of the same group of evalu 
tors. Correlations between halves of 
group will be referred to as “within groups” 
correlations. The “within groups” corre 
lations are shown in Table I as Items 


and 2. 


Coefficients of correlations wert 
also computed between the mean ratings for 
each principle by each half of one group of 
evaluators and each half of the second 
group of evaluators. Correlations betweet 
halves of different groups will be referred 
te as “between groups” correlations, and 
are shown as Items 3, 4, 5, and 6 in Table | 
Since both the “within groups” and “be 
tween groups” correlations are correlations 
between half groups, the Spearman-Brow1 
Prophecy formula was applied, in each case 
to predict the probable correlation whic! 
might be obtained between the means of 
the ratings by whole groups. This formula 


is as follow >} 


Tit - - 
] ir i 


In this formula rj; represents the predicted 
correlation between whole groups, whil 


~ , ' ' : 
rj and 1 ii represents the obtained correl 
grouy 


tions between the respective half 


' 


rrelations betweet 


Values of the predicted ct 
whole groups are shown at the right 


lable | 
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TABLE I 


“WitrHin Groups” AND “BETWEEN Groups” COEFFICIENTS OF CORRELATION 


Correlated an a 

Item No. Group With Group “2T1 Tar 

5. Science educators science educators 89 .94 
“A” half “B” half 

2. Secondary experts secondary experts 86 .92 
“A” half “B” half 

3. Science educators secondary experts 19 .88 
“A” half “A” half 

4. Science educators secondary experts .89 .94 
“A” half “B” half 

>. Science educators secondary experts 82 .90 
“B” half “A” half 

6. Science educators secondary experts 90 .95 


“B” half 


An examination of Table I will reveal 
that the predicted correlation between the 
mean ratings assigned principles by the 
entire group of science educators and any 
similar group of science educators drawn 
from the same population is .94. Likewise, 
the predicted correlation between ratings 
by the entire group of secondary experts 
and any other similar group is .92. It is 
evident, therefore, that an increase in the 
number of educators in either group would 
not have added materially to the reliability 
of the ratings. It will also be noted that 
the predicted correlations between the 
whole groups of science educators and 
secondary experts range from .88 to .95. 
Since these values are of the same order 
of magnitude as the predicted ‘within 
groups” correlations between ratings by 
the whole groups of science educators or 
secondary experts and any other similar 
groups (.94 and .92, respectively) it is 
evident that it makes little difference 
whether the principles have been rated by 
science educators or by secondary experts. 

The technique of calculating “within 
groups” and “‘between groups” correlations, 
therefore, supports evidence previously pre- 
sented that no significant difference exists 
between the mean ratings assigned princi- 
ples by the two groups of evaluators and 
seems to justify combining the ratings in 


later sections of this study. 


“B” half 


Refinement of the Principles on the Basis 
of Evaluations by Specialists in Education 

Frequency distributions were made for 
each of the 100 principles, using the 77 
evaluations and the same numerical desig- 
nations as in the previous frequency distri- 
butions. The mean and the standard devi- 
ations of ratings were calculated for each 
principle, as shown in Table Il. These 
mean ratings and the standard deviations 
furnished the information for two bases 
for the elimination of principles, namely 
(1) high means and (2) wide variabilities. 

No matter how carefully the statement 
of a principle is written and edited, no one 
principle will have the same meaning to all 
individuals reading and rating it. And 
even if a principle had the same meaning 
to all evaluators, it would not necessarily 
elicit the same rating from all. As a prin- 
ciple tends to give different meaning to 
different evaluators and as the evaluators’ 
placements (evaluations) or judgments of 
importance as to appropriateness vary, the 
distribution of ratings for the principle 
spreads into a number of categories. The 
scale value of the item will be the point 
about which the distribution will center. 
The standard deviation will increase with 
the spread in distribution. The distribu- 
tion of ratings on a principle which is am- 
kiguous and which elicits extreme response 


from the evaluators will result in a relatively 
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MEANS AND STANDARD DEVIATIONS OF THE 77 EVALUATIONS USED AS THE BASES OF ELIMINATION 


Prin. No. 
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TABLE IIl—(Continued) 
Standard Eliminated- Eliminated-Large 
Prin. No. Mean Deviation High Mean Variation 

56 1.95 1.02 
57 2.68 1.20 
58 2.74 1.52 x 
59 3.39 1.31 
60 4.04 1.17 x 
61 2.97 1.31 
62 3.53 1.06 
63 3.99 1.23 x 
64 4.05 1.4] x 
65 2.48 1.20 
66 1.56 75 
67 3.09 1.38 
68 2.39 1.02 
69 2.43 1.14 
70 4.90 1.05 x 
71 3.52 1.30 
73 2.66 1.27 
74 2.12 1.27 _ 
75 3.70 1.38 
76 3.40 1.31 
77 3.70 1.34 
78 3.21 1.49 x 
79 2.77 1.23 
80 2.55 1.15 
$1 3.10 1.22 
82 2.78 1.37 
83 1.81 .85 
84 1.88 1.20 
85 3.16 1.26 
86 3.23 1.63 x 
87 3.22 1.47 x 
88 2.91 1.31 
39 3.62 1.59 x 
90 3.25 1.48 x 
91 1.91 1.33 
92 2.03 1.32 
93 2.16 i 
94 2.31 1.33 
95 3.77 1.36 
96 1.9] 1.15 
97 3.04 1.30 
98 2.29 1.22 
99 2.45 1.52 x 
100 1.61 1.30 

M=2.89 M=1.28 

o=— .8Y oe 18 


large standard deviation. In this respect 
the standard deviation becomes a criterion 
of principles which may be rejected be- 
cause of a lack of clarity or because these 
principles were highly controversial in the 
judgments of the evaluators. 

The standard deviations ranged from a 


high of 1.63 to a low of .70. The means 
ranged from a high of 5.04 to a low of 
1.17. 
of the mean which may be used as a basis 
for the elimination of a principle, both the 
mean and the standard deviation of the 
means of the 100 principles were calculated. 


As an aid in determining the value 
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The mean of the means of the 100 principles 
is 2.89 with a standard deviation of .89. 
The sum of this mean of the means and 
the standard deviation of the means (3.78) 
was used as one basis for elimination and 
any principle with a higher mean rating 
vas eliminated. 

In addition to the means, the standard 
deviations were also used as the basis for 
elimination. The mean of the standard de- 
viations for all principles is 1.28 with a 
standard deviation of .18. The sum of this 
mean of the standard deviations and the 
standard deviation of the means (1.46) was 
a second basis for elimination. 

Using the preceding two bases for elimi- 
nation, 34 principles were discarded, leav- 
ing 66 as desirable for retention. 

It is interesting to note that ten of the 
principles eliminated on the basis of means 
and standard deviations were those having 
significant “t” or “F’’ values, as of previous 
reference. 

The 66 principles retained and used as a 
basis for the construction of a 66-item test 
which was used in the attempt to determine 
the extent to which an understanding of 
these principles are now being taught or 
vicariously learned through the student’s 
participation in American life are as fol- 
lows: 

1. Strong nations and high standards of living 
are possible only if there are ample supplies 
ot water. 

. Soil without water is nonproductive. 
. When soil is conserved, water is likewise 
saved. 


w by 


4. 


. In the arid regions the struggle for existence 
is to a large extent a struggle for water. 

A well-managed watershed is so developed 
that the runoff does not carry soil particles 
with it, but permits snow and rain water to 
penetrate the soil which acts as a reservoir. 
This ground water slowly moves through the 
soil to stream channels, providing a continu- 
ous flow of water throughout the year. 

». Most natural watersheds are multiple re- 
source lands; in addition to water they yield 
crops, forage, 
timber. 


on 


recreation, wildlife, and 

Proper watershed treatment bene- 
fits all of the several resources. 

. Water is a resource that is not destroyed by 
use; the same supply is usable for recrea- 
tion, propagation of wildlife, development of 
power, and irrigation of crops. 
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.Rain water that runs off the land into 
creeks and rivers has no value for growing 
crops locally, although it may be valuable 
downstream. It is the water that goes into 
the ground that grows crops and is available 
later to tide those crops through a drought. 
. It is wiser and less costly to hold back water 
at its source through good watershed man- 
agement, thus reducing or preventing floods, 
than it is to fight floods and clean up the 
wreckage. 

. Efficient water conservation practice requires 
the combination of appropriate watershed 
management upstream and artificial flood 
controls downstream. 

. Wet soils can be improved by plowing 
under green manures and crop residue to 
make the soil porous so that air can circu- 
late through it, thus providing drainage and 
drying qualities; dry soils, too, can be im- 
proved by plowing under green manures and 
crop residues; thus adding humus and in- 
creasing moisture holding capacity. 


2. Silt carried from abused watersheds makes 


necessary costly repeated dredging of navi- 
gable stream channels and harbors, dest. oys 
the habitat of valuable game fish, and 


shortens the useful life of reservoirs. 


3. Great quantities of the best topsoil are 


loosened by the driving force of raindrops 
as they strike uncovered soils. The steeper 
the slope the more serious is the erosive 
action. 

. Hard rains do great damage to unprotected 
soil. This means that the farmer must pre 
pare for the worst rains; he must protect 
uncovered soils by planting grass crops and 
grassed waterways, by contouring, terracing, 
and strip cropping if the battle against 
erosion is to be won. 


5. Soil erosion may be reduced or controlled 


by maintaining vegetative cover and by 
mechanical practices of land management. 

. Drainage practices have eliminated many 
natural swamps and lakes which acted as 


reservoirs for the slow release of water. 


. The practice of water conservation is the 


best insurance against drought damage in 
many dry-farming areas 

. Conservation of irrigated land results in 
savings in water and labor, prevention « 


f 
seepage and toxic salt accumulations, better 
crop yields, and assurance of continued pro- 
ductivity 

Farm ponds properly fenced provide a good 
water supply for fire protection, for garden 
irrigation, for stock watering, and for refuge 
for wildlife, as well as providing for recrea- 
tion such as swimming and fishing. 

The decay of vegetative litter and animal 
remains builds soil from the top down. 

. There is an unceasing movement of material 
between the upper and lower layers of soil. 
Rainfall or irrigation water passes down- 
ward through the porous spaces carrying 
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materials with it, both in solution and in 
suspension. During drought, the movement 
is reversed and the moisture rises, either 
through evaporation or capillary action. 
Thus the air is alternately drawn in and 
forced out, causing the soil to breathe. 

.In nature’s cycle the plants are returned t 
the land when they die. Thus the cycle of 
minerals from the soil to the plant and back 
to the soil is unbroken and fertility is main- 
tained, provided there is no loss by erosion 
or fire. When man interrupts nature’s 
cycle by the removal of crops, he then must 
return the minerals and organic matter as 
they are depleted. 

.Good soil, the basis for physical existence 
and a necessity for growing abundant crops, 
is mineral soil to which has been added 
the decayed plant and animal matter and the 
microorganisms referred to as humus or 
organic matter. 

. The soil on which all life depends lies in a 
thin surface layer of an average depth of 
approximately seven or eight inches over the 
face of the land. 

. Quality and quantity of life depends on the 
productivity of soil. 

. Healthy soil is necessary to produce health- 
ful food for healthy bodies; if the necessary 
nutrients are deficient in the soil, they are 
also lacking in the foods grown on that 
soil for man’s consumption. 

. When erosion is accelerated by human prac- 
tices so that plant nutrients are eroded 
away with the topsoil or are leached out 
faster than they are replaced, the resulting 
depletion of fertility literally threatens life, 
including human life, with extinction. 

. The thin layer of the most productive topsoil 

on insufficiently vegetated sloping land is 

loosened and part of it lost by every hard 
rain. 

Muddy water running off a field is positive 

evidence of harmful erosion. 

. Erosion is nearly always preceded by the 
advanced depletion or total loss of the pro- 
tective layer of vegetation on the surface. 

. Vegetative cover is reduced in plant vigor 
and density and is eventually removed by 
overgrazing. 

. When its cover is removed by overgrazing 
or by unwise cultivation, the soil becomes 
more compact and soil organisms die. Thus 
this soil dries out and packs down, losing 
its porosity and fertility and resisting the 
entry of water. This is a primary step in 
the process of erosion. 

. When soil is used for the production of crops, 
it is progressively robbed of both organic 
and inorganic materials, thus depleting its 
fertility. Adequate amounts of manures and 
chemical fertilizers must be added to re- 
place those materials used by the crops. 


34. Contour plowing or other farming operations 
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that follow the contour create numerous 
small dams and furrows which are level 
(contour) across the ‘field. These all act 
to cause the water to stay where it falls. 
3uilding terraces or ridges on the contour 
(level) at right angles to the slope of the 
ground provides a channel or reservoir for 
water on their upper side which permits th: 
depositing of washed soil close to its origin 
Strip cropping or alternating strips of row 
crops such as corn with strips of grass and 
legumes across the slope of the land helps 
to stabilize the soil, thus reducing soil move- 
ment by wind or water, and aids in adding 
organic matter to the soil. 


. Terraces properly constructed across a slope 


following the contour provide a mechanical 
means to stop runoff water and silt, diverting 
it into the terrace channel where the water 
moves slowly. Strips of grass or other 
closegrowing crops between the cultivated 
crop strips supplement the terraces by help- 
ing to slow the water and by catching the 
silt before it gets into the terrace channel. 


3. Generally steep slopes of hills should be 


permanently in grass or trees to protect 
them from excessive erosion. 


. The most important single factor in pre- 


venting erosion by both wind and water is 
the production and maintenance of as nearly 
complete vegetative cover for the soil as 
possible. 


.A complete and permanent retreat to only 


grass production is impractical unless man is 
willing to revert to a primitive, animal 
existence; sO a compromise must be made 
by keeping protective vegetative cover on 
the soil as much as possible between growing 
seasons and by using the land not suitable 
for cultivated crops for grass and trees only. 


.A good crop rotation aids in keeping the 


cover on the soil, helps maintain the fertility 
and organic matter and nitrogen content of 
the soil through the use of legumes and 
grasses, and helps control plant diseases. 


. Grasses provide one of the best means for 


enriching the soil and controlling erosion 
because of their root and stem structure, 
resistance to adverse conditions, and their 
dense growth. 


. Planting belts of trees at right angles to 


the prevailing wind so that the winds are 
thrown upward reduces the wind velocity 
locally and prevents a sweeping surge of 
air across the soil’s surface. 


. Living fences that act as a shelter belt, pro- 


tecting crops and other vegetation from wind 
and providing cover for wildlife, might 
profitably take the place of other types of 
fences in some areas of the United States. 


.In the control of water erosion, all applied 


measures have the dual purpose of (1) re- 
ducing the amount of runoff to the minimum 
and (2) controlling the irreducible minimum 
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§. Gullying can be 


. Crop 


7. Conservation and 


to such an extent as to cause the least possi- 
ble soil loss. 

30th forest and grass land possess enormous 
value as a regulator of water flow. 


7. Natural waterways on a farm should be in 


permanent and used either for 


pasture or hay. 


grasses 


controlled, if not in an 
stage, by permanent vegetative 
cover both in the gully and on the watershed, 
sometimes needing to be aided at the start 


advanced 


by brush dams or other suitable mechanical 
means to give the appropriate vegetation a 
chance. 

Planting adapted forage grasses on badly 
depleted range land rather than waiting fot 
natural recovery, when properly done, results 
in much quicker recovery and better yields 
of forage. 

waste, when 
helpful bacteria and 
of humus. 


feeds 
amount 


under, 
increases the 


plowed 


.As long as topsoil remains, plant nutrients 


can be restored or supplemented through 
the addition of manure and commercial 
fertilizer and by growing of grasses and 
legumes in rotation. 


. Both barnyard and green manures, as well 


as chemical fertilizers for mineral replenish- 
ment, are essential to high 
favorable to soil conservation. 


crop yields 


. Incalculable loss of nutritional elements oc- 


curs in the method of disposal of sewage and 
garbage by towns and cities and in the 
wasteful practices in the handling of farm 
manures. These wastes contain those ele- 
ments in the organic forms most readily 
incorporated in the topsoil and assimilable 
by most plants. 


. All conservation practices should have as 


one of their primary aims the maintenance 
and renewal of organic matter which sup- 
plies humus and plant nutrients to the soil. 


. Frontier land or undeveloped land suitable 


for agricultural purposes no longer exists, 
so the trend in agriculture must be to make 
the best use of the land we have through 
a much wider application of conservation 
practices and 
machinery, 


continued 
plant life, livestock, and_ soil 
through the efforts of science. 


improvement of 


. The time has come when plant breeding 


must be widely applied to all crops including 
trees, for trees permit us to use many of 
our untillable lands to better advantage than 
do annual plants or grasses. 

flood measures 
must be planned for each field and farm to 


control 


fit the overall problem of conservation. 


. The conservation of soil and water is not 


a project that can be completed, but it is a 
continuous job—a method of farming. 


59. Productive industries in the nations of to- 
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day’s world are necessary, but productive 
agriculture is absolutely essential 

60. Deterioration of soil is the 
as a reduction in the amount of land 


same in eftect 


61. Each acre of land should be used according 
to its capabilities and treated according to 
its needs to protect it from depletion and t 
secure the greatest returns. 


62. Pastures, both permanent and rotation, need 
good soil the same as other crops and should 
be treated as needed with fertilizers 

63. Man upsets the natural balance and influ 


ences the character of soil through plowing 
cultivating, 
gation, 


harvesting, deforestation, irri 


manuring, and farming practices 
generally. 
64.In a 


composition, and climatic conditions are s¢ 


given land area, topography, soil 


lective factors in determining 


suitable crop 
types. 

65. Every farm, no matter where it is located 
geographically or how its land lies, would 
benefit from the use of conservation prac 
tices. 


66. Farm land must not only be preserved but 
it must be improved so it can produce the ad- 
ditional food required for the increasing 
population of the nation and the world 


THE OBJECTIVE TEST 


In an attempt to determine the extent 
to which the principles of soil and water 
conservation are now being taught or vi- 
learned 


cariously student's 


participation in American life, a test was 


through the 


prepared which could be administered to 
second semester high school seniors in se- 
lected schools throughout the United States. 
This test sought to measure the student’s 
knowledge and understanding of the more 
important and adaptable principles as se- 
lected by the evaluating groups. 

An objective test of the best answer, 
multiple choice type was decided upon. 
The test consisted of 66 items with each 
item designed and constructed to test an 
understanding of a different one of the 
66 principles of water and soil conserva- 
tion. The items were submitted for criti- 
cism and suggestion to two judges who 
were deemed to be sufficiently competent 
in the subject matter of conservation as 
well as in the techniques of test construc- 
The 


tion. items then revised and 
rewritten in the light of suggestions by 


were 


these judges. 
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The Internal Consistency of the Test 

The validity of a test is determined di- 
rectly whenever possible, by finding the 
correlation between the test and some in- 
dependent criterion, a criterion being an 
objective measure in terms of which the 
value of the test is estimated or judged. 

An indirect but often-used method of 
validating test scores is to test item validity. 
The validity of a score on a test as a whole 
depends directly upon the care with which 
items in the test have been chosen or con- 
determining 


structed. One method of 


whether an item discriminates between sub- 
jects differing sharply in the function being 
measured is item analysis. Thus, in an 
internally consistent test, items “hang to- 
gether” in the sense that they work in the 
same direction and measure the same com- 
mon trait.” 

Guilford of the University of Southern 
California says: * 

Maximal reliability requires high intercorrela- 
tion among items; maximal validity requires low 
intercorrelations . . . 

There must be some compromising of aims; 
both reliability and validity cannot be maximal. 
Fortunately, the kind of moderate item intercor- 
relations usually obtained for well-constructed 
items are of the size that, . .. , will yield good 
validities. They will also yield satisfactory re- 
liabilities, but those reliabilities will not often be 
above .90, To be more specific, the item-test 
correlations for well-constructed items range be- 
tween .30 and .80, which means items intercorre- 
lations probably between .10 and_ .60. 
within these ranges of correlation should provide 
tests of both satisfactory reliability and validity. 
There is probably better reason for going below 
these limits than above them in constructing items. 
To do so would probably err on the side of validity 
which, after all, is the more important. 


Items 


The bi-serial correlation method is fre- 
quently used in test item analysis for de- 
termining item validity; that is, for finding 
whether success or failure on a given test 
item is correlated with the total score on 
the test. If those who achieve high scores 
on the test as a whole answer an item cor- 


7 Garrett, Henry E., Statistics in Psychology 
and Education, 3d ed., Longmans, Green and 
Company, New York, 1947, p. 395 and p. 401. 


8 Guilford, op. cit., p. 523. 
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rectly more often than those who make a 
low score, the item will be positively cor- 
related with the entire test. The bi-serial 
correlation values help to identify items 
which are not effectual as part of the whole 
test ; that is, items which are not measuring 
whatever the test as a whole measures. The 
following formula was used: ® 


M,—M, |_| 
lpbis= ‘y Pq 
oO 

in which rppis is the point bi-serial coefficient 
of correlation. M,—mean of the group 
answering the item correctly. M,—mean 
of the group answering the item incorrectly. 
o= standard deviation of the entire group. 
p==proportion of the whole group answer- 
ing the item correctly. q—=proportion of 
the whole group answering the item incor- 
rectly. 

This formula “gives a bi-serial coefficient 
which does not assume continuity in the 
distribution of single test items and is 
recommended for use in item analysis.” 
This bi-serial coefficient is known as 
“point bi-serial r.” 

In an attempt to establish the internal 
consistency of the test, Form A of the test 
was administered to a class drawn from the 
1952 Summer Session population at Colo- 
rado State College of This 
class, which will hereinafter be referred to 


Education. 


as Experimental Class 1, was a class in 


the conservation of American resources 


which was taught by the writer. Thirty- 
four students were enrolled in the class, 
all of whom were elementary school teach- 
ers, representing various sections of the 
United States. With the scores of the 
Form A test for this class as a basis, the 
point bi-serial r was calculated for each 
item. The test proved to be relatively easy 
for this group; and since every person in 
the class answered some of the item cor- 
rectly, the bi-serial coefficient of correla- 
tion could not be calculated for all items. 

It seemed necessary, therefore, to admin- 
ister the test to a trial group made up of 


persons who had not studied conservation 


’ Garrett, op. cit., p. 353. 
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iu formal class work. As there were no 
high school seniors available at the time 
to serve as a trial group, the best solution 
seemed to be to use an undergraduate 
class in education, made up of students en- 
rolled in the 1952 summer session at Colo- 
Form A 


of the test was therefore administered to 


rado State College of Education. 


such a class (Trial Group 1), and 74 cases 
were obtained upon which to base calcula- 
tions. The point bi-serial coefficients for 
each test item were calculated. 

It was found that several of the test 
items were contributing little or nothing 
to the test as a whole. Revisions were 
therefore made in an attempt to improve 
those items that had point bi-serial r values 
of less than .20. 

Using the results from Trial Group 1, 
the 74 elementary teachers at the under- 
graduate level, a tabulation was made to 
determine how well the five possible re- 
sponses for each test item were functioning ; 
that is, whether some responses were being 
excluded completely from the replies and 
This tabu- 
lation revealed that twenty-three test items 
had at least one response which was not 
functioning. 


others used very infrequently. 


Seven of these twenty-three 
items were those which had point bi-serial 
r values below .20 and would therefore fall 
under the revision previously mentioned. 
The non-functioning responses of the addi- 
tional sixteen items were also revised. The 
remaining forty-three items of the Form A 
test were carefully studied, and as a result 
an occasional word or phrase was changed, 
but these forty-three remained essentially 
as they were. Form B of the test was then 
assembled with the incorporation of the 
revised items. 

\fter the revision, it was thought de- 
sirable to administer the revised test (Form 
B) to a group as similar as possible to 
This 
group will be referred to as Trial Group 2 


second semester high school seniors. 


It was felt that such an administration 
would give the data necessary to check the 


internal consistency of the revised form. 
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Form B was, therefore, administered to 
the majority of freshmen at Colorado State 
College of Education in the fall quarter of 
1952. These students were enrolled in the 


general education science-survey courses 
which are required in the general education 
curriculum on this campus and so include 
all freshmen with the few exceptions of 
those who have special permission to omit 
or postpone the course. The tests were 
\ data sheet 


each student, in order 


all given on the same day. 
was filled out by 
that those who were in college for the 
first time, having graduated from high 
school in May or June of 1952, could be 
identified. This group of students who had 
had only one summer vacation period since 
graduation from high school was considered 
to approximate as nearly as possible the 
group for whom the test was intended. 
Three hundred fifty-two cases were used. 
The papers were machine scored. 

Point bi-serial r coefficients were calcu- 
lated on the basis of this administration of 
the test. Results showed nineteen items 
with point bi-serial r values of less than 
.20, although five of the nineteen had values 
of .17 to .19 and all but 5 were higher than 
10. 


Validation of the Objective Test 


As has been previously stated, the va- 
lidity of a test is determined directly, when- 
ever possible, by finding the correlation 
between scores on the test and on some 
independent criterion. The independent 
criterion- used in determining the validity 
of the objective tests which have been de- 
scribed was an essay test based upon the 
principles of soil and water conservation 
which had been identified and_ refined. 
The tests were given and correlations made 
for four separate classes, taught in different 
quarters of the college year. The four 
classes used were those studying the con- 
servation of natural resources at Colorado 
State College of Education, and will be re- 
ferred to as Experimental Classes 1, 2, 3, 
and 4. 


Experimental Class 1. This class has 
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been mentioned and described above in con- 
nection with the internal consistency of the 
objective test. A series of essay tests with 
questions based upon the principles of soil 
and water conservation was administered to 
this class of thirty-four students. These 
essay tests were given in a series on twelve 
separate days over a total period of six 
weeks. These tests were carefully graded 
and rechecked. <A set of definite answers 
was used as a standard in an attempt to be 
completely consistent in marking. 

A few days after the last section of the 
essay test was completed, the objective test, 
Form A, was administered to this same 
class. This test was machine scored. 
The 


scores on the essay and objective tests was 


coefficient or correlation between 
found to be .75. 
Experimental Class 2. 


1952 and the early winter of 1952, a col- 


During the fall of 


league of the writer, one who has taught 
many classes in the conservation of natural 
resources, taught such a class as an off- 
campus course in a northeastern Colorado 
community. This class of thirty-one mem- 
bers was made up of teachers from the 
community. After the class had completed 
the study of soil and water conservation, 
the instructor administered Form B of the 
objective test and one week later an essay 


upon 22 of the principles se- 


test based 
lected at random from the entire 66 that 
were used as the basis for 
test. The coefficient of 
found to be .84. 


Experimental Class 3. During the winter 


the objective 
correlation was 


quarter of 1953, the writer taught another 


class in the conservation of natural re- 
sources at Colorado State College of Edu- 
cation. This was a class of thirty senior 


college students. After. completing the 
study of soil and water conservation, the 
same two tests used with Experimental 
Class 2 were administered. Correlation 
of the results from this class yielded a co- 
efficient of correlation of .87. 

Experimental Class 4. 


winter and the spring of 1953, the writer 


During the late 
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taught a class in the same field as an of 
campus course in suburban Denver, Col: 


rado. This class of thirty was made wy 


of elementary teachers from the Denver: 


area. The same two tests as used wit 
Experimental Classes 2 and 3 were a 
ministered to this class when the study o 
soil and water conservation had been con 
pleted. The coefficient of correlation was 


found to be .&88. 


The Reliability of the Objective Tests 

The reliability of a test depends upon the 
consistency with which it gauges the ability 
of those to whom it has been applied. There 
are four procedures in common use for de- 
termining the reliability of a test. Thess 
are (1) the test-retest (repetition) method ; 
(2) the alternate or parallel forms method ; 
(3) the split-half method; and (4) the 
method of rational equivalence. All of 
these procedures furnish “estimates” of the 
reliability of test scores.!” 

The split-half method is employed when 
it is not feasible to construct an alternate 
form of the test nor wise to repeat the 
test.'' This is generally regarded as the best 
of the self-correlation methods, and was 
therefore selected for use in this investiga- 
tion. 

Table III presents the coefficients of cor- 
relation as calculated from the four experi- 
mental classes and the two trial groups 
Also shown are the coefficients of correla- 
tion obtained by application of the Spear- 
man-Brown Prophecy formula. 


Reliability of the Difference Between the 
Means of the Several Classes Taking 
Form A or B of the Objective Test 

When the means of the several classes 
and trial groups who took the test were 
considered, it appeared that it might be in- 
teresting to determine whether or not the 
differences in the means were significant. 
The means ranged from 56.53 to 29.80, 


as shown in Table IV. It would seem that 


10 Garrett, op. cit., p. 380, 
11 Tbid., p. 382. 
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TABLE III 
“EsTIMATES” OF RELIABILITY OF THE OBJECTIVE TESTS BY THE SPLIT-HALF METHOD 
Test Form Number rl I 
Group or Class Used in Class =I] ru 
Experimental Class 1 A 34 81 91 
Trial Group 1 A 74 83 9] 
Experimental Class 2 B 31 .80 89 
Experimental Class 3 B 30 87 95 
Experimental Class 4 B 30 86 92 
Trial Group 2 B 352 73 85 


the means obtained on the four experi- 
mental classes which studied the conserva- 
tion of natural resources in a classroom 
situation should show little or no significant 
differences. Likewise, it would appear that 
the difference of the means between those 
classes which had had formal study of the 
subject matter might well show significant 
differences with those 


classes which had not had formal study. 


when compared 
The difference between the means obtained 
from the two groups which had had no 
formal study of conservation might show 
a significant difference due to differences 
in age and maturity, one group being com- 
posed of teachers and the other of first 
quarter college freshmen. 

The formula used to determine whether 
or not the differences in the means of the 


/ 
OM,—Me or est’d Tp— \ — 7 
+ a 


The t-values were calculated by the for- 
mula : 78 





__Mi—Mz 


est d OM, Mo 


12 Tbid., p. 
samples. 


189 and p. 198 as adapted to small 


18 Lindquist, op. cit., p. 57. 


Table IV presents the data on which the 
standard errors of the difference between 
This table 
indicates the per cent of mastery by each 


means were calculated. also 
group as measured by the objective tests. 
The standard errors of the differences of 
the means and the corresponding t-values 
are presented in Table V. 

In checking the t-values it appears that 
classes, 


and 4, 
differences between the means. These three 


the experimental designated as 


Classes 2, 3, show no significant 


classes had had formal study in conserva- 


tion of natural resources, so much simi- 


larity might be expected. However, the 
difference between each of these classes and 
Experimental Class 1 is significant and 
Class 1 was also a class which had studied 
The may be at 
least partially explained in that the author 


conservation. difference 


who taught Experimental Classes 1, 3, and 
4 rated Class 1, a summer session class, as 
a serious and exceptionally capable group 
of students, while Classes 3 and 4 were felt 
to be examples of average classes of under- 
graduate students and not particularly ex- 
ceptional in any degree. The instructor of 
Experimental Class 2 also placed this group 


in the latter category. 


TABLE IV 


MEANS AND STANDARD DEVIATIONS OF THE EXPERIMENTAL CLASSES AND TRIAI 
Groups-OBJEcTIVE TESTS 


Number 

Class in Class 
Experimental Class 1 34 
Experimental Class 2 31 
Experimental Class 3 30 
Experimental Class 4 30 
Trial Group 1 74 
Trial Group 2 352 


Per Cent of Standard 


Means Mastery Deviations 
56.53 Mi 85.65 4.70 S.D. 
45.10 Mz 68.33 5.65 S.Ds 
47.77 Ms 72.38 8.15 S.Ds 
48.70 My 73.80 7.00 S.Du 
38.90 Ms 58.95 8.70 S.D.s 
29.80 Me 45.15 7.85 S.D 
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TABLE \ 


STANDARD ERRORS OF THE DIFFERENCES OF THE MEANS AND CORRESPONDING “t” 


Standard 
Errors of 


Differences Differences 


Means Between Between 
Involved Means Means 
M.-M: 11.43 1.32 
M.-M 8.76 1.72 
M.-M, 7.83 1.57 
M.-M; 17.63 1.31 
M.-M<g 26.73 0.92 
M:-Ms 2.67 1.83 
M:-M, 3.60 1.69 
M:-M; 6.20 1.45 
M.-M, 15.29 1.11 
M:-M, .93 2.02 
M;-M 8.87 1.82 
M:-M, 17.96 1.57 
M.-M 9.80 1.68 
M.-M, 18.90 1.41 
M;—-M. 9.09 1.09 


The t-values also show significant dif- 
ferences between each of the four experi- 
mental classes and each of the two trial 
groups, the latter two having had no formal 
study in conservation. The difference in 
formal study might account for much of 
this difference. The difference between the 
two trial groups, elementary teachers and 
college freshmen respectively, may be due 
to the disparity in age and maturity of the 
two groups and also to the fact that neither 
group had had formal study of the subject 
matter, although Trial Group 1 had evi- 
dently obtained some additional knowledge 
of the subject matter of soil and water con- 
servation through participation in American 
life. 

The significant differences between the 
means of classes who have had formal 
study, and the significant difference be- 
tween the means of the two trial groups 
might be considered to indicate that the 
test is quite valid. The differences between 
the means of the different classes and 
groups seem to coincide with differences in 
formal study, age, and maturity. The re- 
sults may serve only to verify common 
sense; however, they may also be inter- 
evidence that 


preted as maturity and 


VALUES 
t-Value 
Degrees Sig. at 
of Freedom t 1% Level 
63 8.66 2.66 
62 5.09 2.66 
62 4.99 2.66 
106 13.46 2.63 
384 29.05 2.59 
59 1.45 2.66 
59 2.13 2.66 
103 4.27 2.63 
381 13.78 2.63 
58 .46 2.66 
102 4.87 2.63 
381 11.45 2.59 
102 5.83 2.63 
381 13.40 2.59 
424 8.35 2.59 


instruction do make a difference in per- 
formance on this test and, therefore, as 
additional evidence that the test is a valid 
measuring instrument. 

The evidence which has been presented 
through the use of the point bi-serial co- 
efficients of correlation, the correlations be- 
tween the objective test forms and the cri- 
terion essay tests, the split-half method 
correlations, and the differences between 
the means of the several classes and groups 
taking Form A or Form B of the test 
indicate that Form B has satisfactory in- 
ternal consistency and has an acceptable 
validity and reliability. This test was, there- 
fore, printed in preparation for its adminis- 
tration to second semester secondary school 
seniors in an attempt to determine to what 
extent understandings suggested by the 66 
principles of soil and water conservation 
are now being taught or vicariously learned 
through the student's participation in Amer- 
ican life. 

Test item sample : 

1. Soil erosion is nearly always preceded by th« 
advanced depletion or the total loss of 

(1) a water supply. 

(2) humus. 

(3) mineral content. 
(4) vegetation. 

(> 


) good soil structure 





ADM 


1 
trat 
was 
pop 
in t 
rep! 
Pla 
the 
ask 
test 
nor 
sen 
at t 
pur 
sch 
poy 
cen 
to 

Po} 
me 
mo 


giv 
fer 
sch 
ter. 


sch 


wl 
flu 





per- 
, as 


ralid 


nted 

co- 

be- 
cri- 
‘hod 
yeen 
Ups 
test 

in- 
able 
ere- 
nis- 
hor y] 
vhat 
> 66 
tion 
‘ned 
ner- 


the 





FEBRUARY, 1956] Soi. AND WATER CONSERVATION 71 


2. Soil erosion may be reduced or controlled best 
by 
(1) plowing and planting row crops crosswise 
to the wind. 
(2) maintaining vegetative cover. 
(3) shallow plowing and cultivating. 
(4) rotating several kinds of crops. 

(5) keeping the fields as smooth as ‘possible so 
wind and water will pass over easily. 
ADMINISTRATION OF TEST AND ANALYSIS 
OF TEST RESULTS 

The selection of schools for the adminis- 
tration of the test to high school seniors 
was based upon geographical areas and 
population sizes. School personnel located 
in twenty-three of the forty-eight states and 
representing the eastern states, the Great 
Plains area, the Midwest and the Far West, 
the southern states and the Southwest, were 
asked to cooperate in administering the 
test to a class of not less than twenty-five 
nor more than thirty-five or forty “typical” 
seniors who were scheduled to graduate 
at the close of the school year in 1953. For 
purposes of reference we shall refer to those 
schools located in towns of 4,000 or less 
population as schools in small population 
centers; those located in towns of 7,500 
to 50,000 population as schools in medium 
population centers; and those located in 
metropolitan areas of 100,000 population or 
more as schools in large population centers. 

The test results are based upon tests 
given in thirty-three schools located in dif- 
ferent sections of the United States. Nine 
schools are located in large population cen- 
ters and represent eight states; twelve 
schools are located in medium population 
centers and represent nine states; the re- 
maining twelve schools are found in small 
population centers in eleven states. Twenty- 
three states are represented by the thirty- 
three schools. 


Comparison of Test Results, Schools 
Grouped According to Size of 
Population Center 

Schools were selected in three population 
center categories in an attempt to determine 
whether or not the size of a community in- 


fluenced performance on the test. Accept- 


ing the evidence presented above that the 
test does measure understandings suggested 
by the 66 principles of soil and water con- 
servation, the performance on the test 
would be a partial answer, at least, to the 
question: does the size of the population 
center in which a school is located influence 
the mastery by secondary school seniors of 
the understandings suggested by the 66 
principles of soil and water conservation? 

In order to determine whether or not 
significant differences exist in pupil per- 
formance on the test when schools are 
grouped on the basis of the size of popula- 
tion centers in which these schools are lo- 
cated, the standard error of the differences 
between the weighted means of these popu- 
lation groups was calculated. The mean of 
each group is considered as a weighted 
mean of the school means rather than of the 
pupil scores. For example, the large popu- 
lation center group is considered as a ran- 
dom sample of nine schools rather than as 
a random sample of 276 pupils. 

The t-ratio was calculated by using 
weighted means and applying the following 
formula: '* 


M;—M, 
t ; 
est d OM, —Me 
or 
M,—M 


The estimated standard error of the dif- 


ference between the weighted means was 


calculated using the sums of the weighted 


squared deviations of subgroup means 
SM.T.—GM-GT 
ve we LY meal SLOW, © 
n 


M 


My, 
T,=corresponding sum of pupil scores 


mean for any school 


GM-=general mean for all schools 
(;T=grand total of pupil scores 
N=number of schools in group 


n=total number of pupils 
Table VI presents the data used for esti- 


14 Lindquist, op. cit., p. 5/ 
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mating the significance of the differences 
between the means of the schools in the 
three different sizes of population groups. 


TABLE VI 
DATA FOR ESTIMATING SIGNIFICANCE OF DIFFER- 
ENCES BETWEEN MEANS OF POPULATION GROUPS 


Schools Pupils 


Group N n =d? 
Large Pop. Centers 9 276 211.02 
Medium Pop. Centers 12 355 154.69 


Small Pop. Centers 12 390 84.99 

The standard errors of the difference be- 
tween the weighted means of the three 
groups of schools with the corresponding 
t-values appear in Table VII. 

The t-values indicate that there is no 
statistically significant difference between 
mean scores made by pupils enrolled in 
schools in the different sized population 
centers as defined in this study. 


Comparison of Test Results, Schools 
Grouped According to Geographical 
Regions 
The schools were then arranged in sub- 
This ar- 
rangement coincides with the regional or- 
ganization of the United States Soil Con- 
servation Service in Washington, D. C. 
Table VIII presents the data used for 


groups by geographical regions. 


estimating the significance of the difference 
between the means of the schools in the 
seven geographical regions as designated 
by the United States Soil Conservation 


Service. The same formulas as used in 


15 From Hawkins, L. A., Help Save Productive 
Soil, International Harvester Company, 180 North 


Michigan Avenue, Chicago, Illinois, (no date), 
p. 6. 
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calculating the d* and t-values for schools 
grouped by size of population centers were 
used here. 


TABLE VIII 
DATA FOR ESTIMATING SIGNIFICANCE OF DIFFER- 
ENCES BETWEEN MEANS OF GEOGRAPHICAL 


REGIONS 
Schools Pupils 

Group N n =d? 
Region 1 2 70 6.05 
Region 2 3 98 61.44 
Region 3 8 257 40.49 
Region 4 2 55 .88 
Region 5 5 148 114.51 
Region 6 9 282 102.03 
Region 7 4 111 69.59 


The standard errors of the difference 
between the weighted means and corres- 
ponding t-values for the schools grouped 
by the Soil Conservation Regions appear 
in Table IX. 

The t-values for all combinations of 
schools grouped according to regions indi- 
cate that there is no significant difference 
among the geographical regions in per- 
formance on the test. 


Comparison of Test Results by Analysis 
of “Between Schools’ and “Within 
Schools” Variance 


To investigate to what extent the differ- 
ences in performance on the test by pupils 
in the thirty-three schools were due to 
chance, the statistical technique of analysis 
The total, be- 


tween, and within, sums of squares were 


of variance was applied. 
calculated on the raw scores by use of the 
following formula : 1¢ 


16 McNemar, Quinn, Psychological Statistics, 
John Wiley & Sons, Inc., New York, 1949, p. 248 


TABLE VII 


STANDARD ERRORS OF THE DIFFERENCE BETWEEN THE WEIGHTED MEANS AND CORRESPONDING 
t-VALUES FoR Groups OF SCHOOLS 


Means Difference Between 
Involved Weighted Means df 
M:-Mm 1.27 19 
M. -M. 1.74 19 
Mn-M, 3.01 be 


t-Value Sig. 


oM,-M, t at 1% Level 
1.93 .66 2.86 
1.74 1.00 2.86 
1.35 2.23 2.82 
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TABLE IX 


STANDARD ERRORS OF THE DIFFERENCE BETWEEN THE WEIGHTED MEANS AND CORRESPONDING 
t-VALUES FOR SCHOOLS GROUPED ACCORDING TO THE SoIL CONSERVATION REGIONS ' 


Means Difference Between 
Involved Weighted Means df 
R:-R:z ] .68 3 
R,-R; 1.84 8 
R,-R, 6.80 2 
R.-R; .09 5 
R:-Re 1.04 9 
R,-R; .39 4 
RR; . 16 9 
RR, 5.12 3 
R--R; 1.77 6 
R:-Re 2.72 10 
R--R; 1.29 5 
R:-R, 4.96 8 
R;-R; 1.93 11 
Rs-Rs 2.88 15 
R;-R; 1.45 10 
R.-R; 6.89 5 
R.-R, 7.84 9 
R.-R; 6.41 4 
Rs-Re 95 12 
R;-R; .48 7 
R.-R; 1.43 11 


(1) For total sum of squares 


sx(K—X )2—s3X2 (2X )* 
22 ( roa: ) — a am = N 
(2) For within sums of squares 


r 
SS (X—X,)?=S3X72—S— 
m, 


(3) For between sum of squares 
3m,(X;— X yoy (2X E ee. 22 y 

m, N 

X=individual scores 

X=total mean 

r=any sub group 

m=number of cases 


The F-value was calculated as follows: ™ 


larger variance estimate 483.92 _ 
db — 


~ smaller variance estimate 








65.62 — 


. 


The F-value of 7.37 indicates that the 


ratio between the estimated “between 
schools” and ‘“‘within schools” variance is 
somewhat larger than chance would allow. 
The value of “F” required for significance 


17 Tbid., p. 244. 


t- Value Sig. 


oM,-M, t at 1% Level 
4.32 .39 5.84 
2.41 .76 3.36 
2.61 2.61 9.92 
4.11 0.2 4.03 
2.71 38 3.25 
3.76 10 4.60 
2.26 .07 3.25 
4.15 1.23 5.84 
3.94 45 3.71 
2.68 1.01 3.17 
3.90 33 4.03 
1.79 2.77 3.36 
2.46 91 3.11 
1.48 1.95 2.95 
2.02 72 3.17 
4.02 ey 4.03 
2.64 2.97 3.25 
3.64 1.76 4.60 
2.37 .40 3.06 
3.44 14 3.50 
2.37 60 3.11 


at the 1 per cent level is 1.71. It may, 
therefore, be concluded that school differ- 
ences exist which are too large to be at- 
tributed to chance alone. 


TABLE X 


VARIANCE TABLE FOR ALL SCHOOLS 


Source of Sum of Variance 
Variation df Squares Estimates 
Between schools 32 15,485.54 483 .92 
Within schools 98S 64,830 .07 65.62 
Total 1020 80,315 61 


The niethods of comparing schools by use 
of school means and the analysis of vari- 
ance assume homogeneity of variance from 
school to school. It was, therefore, felt 
to be desirable to apply the F-test to all 
combinations of the thirty-three schools to 
determine whether or not the variance 
from school to school differs significantly. 
The data for the calculation of the F-test 
appear in Table XI. 

The F-ratios were calculated for all 
combinations of school variances. The 


schools were arranged in the order of in- 
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creasing variance both vertically and hori- 
zontally. Examination of These F-ratios 
shows that of the 528 combinations fifty- 
one or 9.66 per cent are significant at the 
one per cent level; thus 477 combinations or 
90.34 per cent do not differ significantly. 
On the basis of these figures it was assumed 
that variances from school to school are 
reasonably constant and that any error 
which might be introduced as a result of 
slight differences in variability would be 


negligibly small. 


TABLE XI 
DATA FOR CALCULATION OF F-ScoRES FOR ALI 
COMBINATIONS OF THE THIRTY-THREE SCHOOLS 


Per Cent 


Number Mastery 
of ( Performance 
School Pupils Mean on Test) Variance 
* 
L-1 34 29.14 45.36 79.35 
L-2 31 31.87 48.29 30.31 
L-3 24 20.50 31.06 63.00 
L—4 29 35.14 53.24 98.74 
L-5 33 37 .27 56.47 42.20 
L-6 35 26.89 40.74 44.27 
L-7 27 29 .67 44.95 81.56 
L-8 29 28 .00 42.42 35.28 
L-9 34 23.77 36.02 85.93 
M-1 33 29.82 5.18 61.06 
M-2 29 29.86 45.24 55.50 
M-3 27 35.78 54.21 38.17 
M-4 27 34.78 52.70 98 . 40 
M-5 23 27.61 41.83 116.85 
M-6 25 23.80 36.06 69.12 
M-7 31 28 .48 43.15 69.73 
M-8 37 30.19 45.74 82.53 
M-9 31 34.10 51.67 58.93 
M-10 32 25.56 38.73 66.23 
M-11 35 34.26 51.91 49.05 
M-12 25 32.92 49.88 67.59 
S-1 29 29.14 44.15 87.77 
S-2 30 22.50 34.09 32.45 
Se 40 30.92 46.85 67 .27 
S44 37 28.41 42.88 62.83 
S-5 25 23.32 35338 34.62 
S-6 32 28.75 43.56 39.94 
S-7 29 31.21 47 .29 94.92 
S-8 39 28.31 42.82 90.83 
S-9 30 29.10 44.09 56.09 
S-10 36 25.00 37.88 51.00 
S-11 27 24.67 37 .37 32.89 
S-12 36 28.33 42.92 57.39 


*L indicates large population centers: M, 
medium; and S, small. 
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To test the significance of the difference 


in means between any two particular 
schools, the “t’”’ test may be applied to that 
The “t” test is a test of the 


hypothesis that both groups were selected 


difference. 


at random from the same population. If 
the assumption is made that the variance 
within a group differs from school to school 
only by chance, then the variance within 
schools is the best estimate of the popula- 
tion variance, and its square root is the 
best estimate of the standard error of the 
population. 

The estimated standard error of the 
difference between any two means is calcu- 
lated by use of the formula: '* 


est’d OM, M, — \ ou,” +om,” 
The formula for “‘t”’ is 
M,—M, 


est a OM, M, 





The data required for the calculation of 


the estimated standard error of the differ- 


ence between means based on the variance 


within groups is as follows: 





Within schools variance=65.62 

Number of schools=33 

Number of pupils=1021 

Degrees of freedom for schools=(33—1) 
=< 32 

Degrees of freedom for total= 
(1021—1)=1020 

Degrees of freedom for “within schools” 
=—998 





For significance at the 1 per cent level, 
“t’’ must exceed 2.57. To obtain an esti- 
mate of the value of M,—My which would 
be beyond all doubt a significant one, it 
was assumed that the average school class 
consisted of not 30.94 but 23 pupils, the 
number in the smallest class to which the 
test was administered. It was felt to be 
evident that use of the smallest sized class 
would result in values for “t” which would 
be definitely significant for differences be- 
In this 
case, therefore, the data were treated as if 


tween any two particular means. 


1S Lindquist, op. cit., p. 97. 
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all groups were uniform with twenty-three 


pupils in each. 
eno 
oy . 6: —==1.69 
£0 
om, —u,y—1.414X 1.69=2.39 


M,—M, 


2.39 





2.57 = 








or 
M,—M,=6.14 

Assuming that the reasoning indicated 
above is valid, any difference in class means 
which is greater than 6.14 may be con- 
sidered to be significant, that is, a difference 
in means greater than 6.14 would not be 
expected to occur because of chance alone. 
The schools listed in order of decreasing 
means are presented in Table XII. 


TABLE XII 


ScHOOLS ARRANGED IN ORDER OF DECREASING 


MEANS 
School Mean 
L-5 37.27 
M-3 35.78 
L-4 35.14 
M-4 34.78 
M-1l1 34.26 
M-9 34.10 
M-12 32.92 
L-2 31.87 
S-7 31.21 
S-3 30.92 
M-8 30.19 
L-l 29.94 
M-2 29.86 
M-1l 29.82 
L-/ 29.67 
S-l 29.14 
S-9 29.10 
S-6 28.75 
M-7 28.48 
s-—4 28.41 
S-12 28.33 
S-8 28.31 
L-8 28 .00 
M-5 27.61 
L-6 26.89 
M-10 25.56 
S-10 25.00 
S-11 24.67 
M-6 23.80 
L-9 23.77 
S-5 23:32 
S-2 22.50 
L-3 20.50 
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SJ 
‘mn 


It will be observed that the difference 
between the means of schools L 


M-10 is 6.31 


therefore, a definitely significant difference. 


2 and 
(31.87—25.56). This is, 


Likewise, by inspecting the means as pre- 
sented in Table XII, it is obvious that the 
highest eight schools are all significantly 
superior to the lowest eight schools. We 
note that none of the highest eight schools 
are located in small population centers. 
Five of these schools are found in medium 
population centers and three in large popu- 
lation centers. Of the lowest eight schools, 
four are located in small population centers, 
two in medium, and two in large population 
centers. 

When these data are examined along with 
the population group means and with the 
differences between weighted group means 
as shown in Table VII, it is apparent that 
there may be some evidence that pupils 
enrolled in schools in the small population 
centers are somewhat inferior in_ their 
knowledge of soil and water conservation 
as measured by the test, although there ts 
no statistically significant difference among 
the groups of schools. 

The question now naturally arises as to 
why pupils in some schools show a sig- 
nificantly superior or a significantly in- 
ferior performance on the test. The in 
formation sheet which was included with 
each test listed courses commonly offered 
in the secondary school and activities bot! 
within and outside the school program in 
which students may have participated 
Pupils taking the test were asked to under- 
line courses which had been completed dur- 
ing high school attendance and also the 
activities in which they had taken part. 

A tabulation of the courses and activities 
was made for all the pupils in the eight 
superior and in the eight inferior schools 
This was done in an attempt to determine 
whether or not courses completed or ac- 
tivities entered might have contributed to 
the significant difference on the test. 


It was found that approximately sixteen 
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per cent more pupils in the inferio. group 
of schools had completed a general science 
course than had those in the superior school 
group. In the cases of vocational agricul- 
ture, senior science, physiology, geography, 
and consumer science, again a substantially 
greater per cent of students in the inferior 
group of schools had completed such courses 
than in the superior group of schools. 

In the case of biology the situation re- 
verses, approximately thrity-one per cent 
more pupils in the superior group of schools 
had completed a course in biology than 
had those in the inferior group of schools. 
\ substantially larger percentage of pupils 
in the superior group of schools had com- 
pleted courses in social science, physics, 
sociology, chemistry, and geology. A rep- 
listed 


geology as one of its courses informed the 


resentative of one school which 
writer that one unit in this course was the 
study of soil conservation. There is a possi- 
bility that the subject matter of social sci- 
ence, sociology, biology, physics, and chemis- 
try may contribute more to a understanding 
of soil and water conservation than does 
the subject matter of general science, physi- 
ology, geography, consumer science and 
senior science. There is also the possibility 
that students completing courses in physics, 
chemistry, biology, and geology are those 
of superior intelligence and would, there- 
fore, probably perform better on the test. 

Turning to the activities, those which 
might have been expected to increase 
knowledge of soil and water conservation, 
such as 4-H Clubs and FFA Clubs, were 
participated in to a greater extent by pupils 
in the inferior group of schools in terms of 
performance on the test. From this evi- 
dence it appears that participation in 4-H 
Clubs and in FFA groups may contribute 
little to students’ knowledge of soil and 
water conservation as measured by this 
test. 
Results on Test Expressed as Per Cent of 

Mastery 

The average per cent of mastery (actual 

performance on the test) for the total 1,021 
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cases in 33 schools is 44.18; for those 
schools in large population centers it is 
44.52; for those schools in medium popu 
lation centers, 46.44; and for those in small 
population centers, 41.88. . The per cent of 
mastery for each school is presented in 
Table XI. 


the possibility that pupils enro!led in smaller 


Again, ‘these figures support 


schools are somewhat inferior in their 
knowledge of soil and water conservation 
as measured by the test employed in this 
study. However, as has been shown, this 
difference is not statistically significant. 
Referring to Table XI it is seen that 
the per cent of mastery ranges from 31.06 
to 56.47, with an average of 44.18 for the 


33 schools. 
19 


It might be noted here that 
Capps ” in his study reported 54 per cent 
mastery by pupils on his test; Curtis *° re- 
ported 57.05 per cent; Wievel,*! 47 per 


All of 


these percentages are based on performance 


cent; and Selim,** 54.1 per cent. 
by high school seniors. However, the tests 
used in the four studies mentioned all in- 
ciuded items on forest and wildlife resources 
and in some cases a few questions on min- 
erals in addition to items on soil and water 
conservation. In each case the investigators 
concluded that the per cent of mastery on 
their respective test was not consistent with 
desirable standards of accomplishment. 

In the present study Trial Group I (ele- 
mentary teachers) and Trial Group II (first 
quarter college freshmen) scored average 
per cents of mastery of 58.94 and 45.15 
respectively. The average per cent of 


19 Capps, F. Olin, 4 Survey of Conservation 
Information Possessed by Pupils in Missouri High 
Schools, Unpublished Ph.D. dissertation, Uni- 
versity of Missouri, 1939. 

20 Curtis, Melvin J., 4 Survey of the Conserva- 
tion Information Possessed by Pupils in_ the 
Santa Clara County High Schools, Unpublished 
M.A. thesis, Stanford University, 1942. 

21 Wievel, Bernard F., Attitude Toward and 
Knowledge of Conservation Possessed by Stu- 
dents in Iowa High Schools, Unpublished Ph.D. 
dissertation, Iowa State College of Agriculture 
and Mechanics, 1948. 

22 Selim, Mohamed Saber A., Conservation 
Education in California High Schools, Unpub- 
lished Ph.D. dissertation, Stanford University, 
1951. 
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mastery for the first quarter college fresh- 
men (secondary seniors with a summer 
vacation period), 45.15 per cent, compares 
very closely to that for the average sec- 
ondary school senior, 44.18 per cent. The 
average per cents of mastery on the test for 
the Experimental Classes (college students 
who had had formal study in the subject 
matter of soil and water conservation) were 
85.65, 68.33, 72.38, and 73.79, respectively. 

It seems evident from the data presented 
that the mastery of the understandings sug- 
gested by the 66 principles of soil and water 
conservation attained by secondary school 
seniors and first quarter college freshmen 
may be considered rather low; and thus it 
might be concluded that the secondary 
school senior is not adequately informed 
in the subject matter of soil and water 
conservation as measured by this test. It 
would also seem reasonable that the average 
per cent of mastery attained by the ele- 
mentary teachers (Trial Group 1) might 
be judged inadequate. It would seem that 
teachers should be better prepared in the 


information on soil and water conservation. 


Findings and Conclusions 


1. This study has contributed a list of 
twenty-nine bulletins, monographs, pam- 
phlets, and other printed materials which 
recognized specialists in soil and water 
conservation have agreed present informa- 
tion of value as a part of the knowledge 
of all citizens. This list of basic references 
should, therefore, be of value as a guide 
to supplemental reading for both teachers 
and pupils in secondary schools. 

2. This study has contributed: a list of 
sixty-six basic principles of soil and water 
conservation which have been approved by 
both professional conservationists and pro- 
fessional educators. This list of principles 
should be of value to those responsible for 
formulating and revising the curriculum 
of the secondary schools. 

3. This study has developed a test in- 


tended to measure important facts and un- 
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derstandings in the area of soil and water 
conservation. There is evidence that this 
test has sufficient validity and _ reliability 
for use in group measurements at high 
school and junior college levels. 

4. This study has revealed evidence whic! 
indicates that professional science educa 
tors as a group do not differ significantly 
from other professional educators in theit 
judgment of the importance and appropri 
ateness of principles of soil and water con 
servation as guides to curriculum construc 
tion in secondary schools. This finding 
should be of value to other investigators 
who may utilize évaluative techniques simi 
lar to those employed in this study 

5. This study has failed to reveal any 
evidence that the size of population center 
or the geographic region in which a school 
is located affects the knowledge of soil and 
water conservation possessed by pupils in 
that school. 

6. The study has revealed that differences 
in knowledge of soil and water conserva- 
tion, too large to be attributed to chance, 
exist between groups of high school pupils 
enrolled in different schools. Tabulation 
of the courses completed in high school and 
activities participated in by pupils in the 
superior and inferior groups of schools 
suggests the possibility that, for some rea- 
son, pupils completing high school courses 
in biology, physics, chemistry, social sci- 
ence, and sociology may have a greater 
understanding of the basic principles of 
soil and water conservation than those com- 
pleting courses in general science, physi- 
ology, consumer science, geography, and 
senior science, however, the evidence on 
this point as revealed by the present study 
is not regarded as conclusive. 

7. It was found that the per cent of 
mastery of the principles of soil and water 
conservation as revealed by the test used 
in this investigation ranged from 31.06 
per cent to 56.47 per cent, with an average 
for the thirty-three schools of 44.18 per 
cent. It is, therefore, concluded that in- 
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struction in soil and water conservation is 


insufficient to meet desirable standards. 
It is assumed that this inadequacy may be 
due at least in part to a lack of instruction 


in or to insufficient emphasis on the subject 


EDUCATION 
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matter of soil and water conservation. It 
follows that the secondary school curricu- 
lum or parts thereof should be modified to 
include more subject matter in soil and 
water conservation. 


BOOK REVIEWS 


Dursin, FRANK M. IJntroduction to Physics. 
New York (70 Fifth Avenue): Prentice-Hall, 
Inc., 1955. 780 P. 


Introduction to Physics is a new textbook in 
college physics—new in viewpoint and in the 
selection of some topics covered in an intro- 
luctory college physics text.” The older classical 
and fundamental topics in college physics are not 
neglected, but more attention is paid to modern 
physics—an area in which so many college physics 
students are interested, and which is so greatly 
important today. 
small particles. 


This area is the physics of 
Seven chapters and some 192 
peges are devoted to this area. This area is 
exceptionally well done as is the other material 
in the text. There are numerous illustrations 
throughout the book, a fine student summary at 
the end of each chapter, together with a list of 
carefully selected problems. Answers to prob- 
lems found at the end of chapters are found near 
the close of the text. 

The book stresses fundamentals and is written 
with the viewpoint of its teachability in mind 
both from the student’s and the instructor’s point 
of view. The book should have wide sales and 
prove to be a most popular one through the years 
ahead. The author’s many years of experience 
as a college teacher of physics is evidenced 
throughout the book. 

Dr. Durbin has been a professor of physics 
at Oklahoma A and M College for many years. 

The reviewer has known Dr. Durbin for many 
years as an outstanding teacher of physics. No 
person he has ever known, has a higher sense of 
desirable standards for college science courses 
than does Dr. Durbin. He has a keen sense 
of justice and fair-play for student and faculty 
members. 


BRANDWEIN, PAvut F.:; Beck, ALFrep D.: Hor- 


LINGWORTH, LELAND G.; AND BurcGess, ANNA 
E. You and Science. New York: Harcourt, 
Brace and Company, 1955. 624 P. $3.92. 


This is the completely revised edition of the 
9th grade general science ‘text in the Science fo 
Better Living series. Important changes in or 
ganization, new materials, and new illustrations 
have been made. 

Color 
vith the 


as attractive as can be found in the general sci 


is used dramatically throughout. This 
wealth of illustrations make this book 


ence field. The approximately 500 scientific terms 


are italicized, pronounced, defined in the reading 
text, reviewed after each chapter, and redefined 
in the Glossary. There are numerous experi 
ments built into the reading text and indicated 
with a marginal line. 

This book should have’ both unusually high 
teacher and pupil appeal. It sets a standard in 
the general science field that should make it one 
of the leaders for years to come. 

The authors are all outstanding teachers of 
science in the public schools. Dr. Brandwein is 
Chairman of the Science Department in Forest 
Hills High School in New York. Dr. Beck is 
Junior High School Science Supervisor in the 
New York City Schools. Mr. Hollingworth is 
Director of Science in the Brookline, Massachu- 
setts Public Schools. Miss Burgess is Directing 
Principal for the Cleveland, Ohio Board of Edu- 
cation. 


BLAcKwoop, PAut E. 
New York: 


1955. 


Experiences in Science. 
Harcourt, Brace and Company, 
156 P. $1.32. 


This is the second edition of a workbook to 
accompany the ninth grade book You and Science 
of the Science for Better Living series. There 
are 28 problems distributed among 8 units. Dis- 
covery and investigation by the pupil are stressed. 
The methods of scientists are stressed—a problem 
to investigate, a new working hypothesis, design 
of an experiment, observations, conclusions, new 
ideas, a possible new problem or problems, a new 
working hypothesis, and another experiment. Ex- 
periences that may serve as discovery and in- 
vestigative technique at the pupils level and in- 
terests are suggested. This workbook should 
function as an important aspect of general science 
by those teachers and pupils using it. 

Dr. Blackwood is a well-known specialist in 
Elementary science in the U. S. Office of Edu 
cation. 


RicHARDSON, JOHN 5S. (Editor). School Fa- 
cilities for Science Instruction. Washington, 
D. C. (1201 Sixteenth Street, N. W.): Na 
tional Association, 1954 
206 P. 


Science Teachers 


$5.50. 

School Facilities for Science Instruction is a 
full report on the project of the National Scienc« 
Teachers Association initiated in 1950. <A _ pre 
liminary report was made in a bulletin published 
in 1952 entitled Science Facilities for Secondary 
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Schools. In 1928, the U. S. Office of Education 
published a bulletin, Laboratory Layouts for the 
High School Sciences. 

Chapter headings in this comprehensive study 
are: Basic Principles Underlying Science Fa- 
cilities, General Aspects of School Science Fa- 
cilities, Facilities for Elementary School Science, 
Facilities for the High School Multipurpose 
Science Room, Facilities for High School General 
Facilities for High School Biological 
Facilities for High School Chemistry, 
Facilities for High School Physics, Facilities for 
Developmental, Applied and Specialized Courses 
in High School Science, and College Facilities 
for the Education of Science Teachers. Nu- 
merous illustrations and photographs supplement 
the textual material. The appendix gives lists 
of suggested equipment and supplies for the vari- 
ous teaching levels. 

This most comprehensive treatise on science 
laboratories, materials, and supplies meets a long 
felt need. Many persons should find the material 
most helpful: administrators, 
building constructors, 
curriculum consultants, science methods teachers, 
and others. The book should serve as a valuable 
reference for many years to come. 


Science, 
Science, 


school school 


science teachers, science 


Future ScIENTISTS OF AMERICA FOUNDATION. 
Careers In Science Teaching. Washington, 
D. C. (1201 Sixteenth Street, N. W.): Na- 
tional Science Teachers Association, 1955. 
$0.50. 


This pamphlet should be of very great interest 
and practical value to science teachers adminis- 
trators, guidance workers, and counselors in 
America’s schools. The problems and areas 
dealt with are of the greatest concern to every- 
one concerned with educating American Youth. 
Truly this is everybody's problem. 


Symposium. Jf You Want to Do a Project. 
Washington, D. C. (1201 Sixteenth Street, 
N. W.): The Furture Scientists of America 
Foundation, The National Education 
tion, 1954. 20 P. $0.50. 


\ ssocia- 


This very valuable little pamphlet for science 
pupils and teachers lists: guideposts and stepping 
stones, do’s and dont’s, some practicing scientists’ 
projects, how one student project developed you 
next step, and tips to teachers. 


Sympostum. Encouraging Future Scientists: 
Vaterials and Services Available in 
Washington, D. C. (1201 Sixteenth 
N. W.): The Future Scientists of 
Foundation, The National Education 
tion, 1955. 24 P. $0.50. 


1955-56. 

Street, 
\merica 
Assi cia 


This booklet lists materials and services avail- 
ible to science teachers and science students by 
The Future Scientists of America Foundation. 
These include a list of award contests open to 
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students and also to teachers, an extensive listing 
of career guidance booklets, a listing of sources 
of career guidance films, sources of information 
of scholarships available, sources of speakers and 
consultants available for career conferences, and 
summer programs for students 


BRANDWEIN, PAuL F. The Gifted Student 
Future Scientist. New York 
107 P 


1S 


Harcourt, Brace 
and Company, 1955. 
In recent years much attention has been given 

to the problem of the gifted student and methods 

of more effectively utilizing these special talents 
for the good of the individual and for society. 

The student with special talents in science has 

received attention, For 


especial many years, 
Dr. Brandwein has been especially interested in 
this area and is recognized as one of America’s 
top authorities in problems relating to the gifted 
student in science. 

This booklet is the result of much study and 
investigation in this area. The reviewer read an 
earlier manuscript of this book and his earlier 
most favorable opinion of the unusual value of 
the material is confirmed upon this re-reading. 
I+ is a highly recommended book for all science 
teachers, counselors of high school youth, and 


others interested in problems of special talents in 


youth 
The first four chapters discuss who are the 
gifted in science: a working hypothesis, self- 


identification, identification by testing, and certain 
characteristic behaviors. The author discusses 
who teaches the gifted student in science—the 
key to the whole problem. The last chapter makes 
some proposals, local and national. 

The appendix has an inventory of predisposing 
factors. 


DorotHy (Editor). Abstracts of Sci- 
ence Teaching Ideas. Washington, D. C. (1201 
Sixteenth Street, N. W.) National Science 
Teachers Association, 1955. 23 P. $1.00 


LQUORA, 


This booklet contains abstracts of all entries 
in the 1953 and 1954 Programs of Recognition 
Awards for Science Teachers. Some 172 abstracts 
are presented. The first three sections cover 
teaching methods, curriculum revision and con 
struction, and teaching devices, equipment, and 
facilities in four teaching areas: elementary sci 
ence, junior high school science, biol wical science, 
and physical science. After school activities are 
discussed in the last section: science fairs, sci 
ence clubs, visitations, and science out of doors 


Teachin ] 
(1201 Sixteenth 

Scienc S 

$1.00 


RASKIN, ABRAHAM (Editor). Science 
Ideas II. Washington, D. C 
Street, N. W.) National 

Association, 1955. 47 P 


This booklet includes fifteen reports of the 
better entries in the 1953 and 1954 contest Recog 
nition 
Something over 200 


Teac hers 


Awards for Science Teachers entries 


entries were submitted 
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These writings should serve as a source of inspira 
tion and stimulation for 


teachers of science. 


in-service classroon 

The contents of this volume are: Study Habits 
in Science by Edward Victor, Developing an 
Appreciation of Scientific Method in Biology by 
Maurice Bleifeld, Planting an Interest in Scienc: 
Among Honor Class Pupils by Maurice Bleifeld, 
Providing for the Teaching of Some of the Ele 
ments of the Scientific Method by Milton Lesser, 
The Young 
People by Teaching 
Practical 
Classes by 


Science Talented 
Catherine W. Dale, 
College 


Encouragement of 
Mrs. 
Chemistry in 
Mrs. Harriet S. Brockenbrough, The 
Octinoscope by Edwin P. Heinrich, Radio Ex- 
periments in the Physics Lab by Brother Julius 
Paper Models and Useful in 
Teaching Physics and Mathematics by Stanley 
C. Person, Enriching Science for Youngsters 
by Herbert Drapkin, Experiences in Science for 
Homework by Alexander Taffel, On Wednesday 
Afternoons by Ray L. Miller, A Science Field 
Club by Wallace M. Good, A Living Laboratory 
by Enid A. Larson, and Another Kind of 
Trip by Mrs. Phyllis B. Busch. 


Preparatory 


George, Devices 


Field 


3USH, GEORGE L. 
Senior Science. 


AND THOMPSON, WILL S. New 
New York (55 Fifth Avenue) : 
642 P. $4.28. 


Cleveland, Ohio, high 
schools more than twenty years ago, senior sci- 
ence has become a valued course in hundreds of 
high schools throughout the nation. Primarily, 
senior science is an upper grade science course 
planned to meet the needs and interests of pupils 
who complete their formal education with gradu- 
ation from high school. 

New Senior Science is the 
earlier Senior Science. 


American Book Company, 1954. 


Since its beginning in 


successor to the 
New Senior Science pro- 
vides an integrated course composed of physical 
science emphasizing social implications and the 
practical or functional aspects of physical science. 

There are twelve units with one to six in- 
tegrated sub-topics. Here are the units: How 
Science Changes Our Lives, Examining the World 
About Us, Earth’s Place in the Universe, Trans- 
forming and Using the Earth’s Resources, Soil 
Conservation, Energy and the World’s Work, 
Using Energy in the Operation of Machines, 
Communication and Travel, How’s the Weather 
Today? Selecting and Operating a Home, Prob- 
lems of Safe Living, and Problems of Healthful 
Living. 

Each unit has: Guideposts in Science—a Sum- 
mary; Ask Yourself Questions; Unit Activities 
for Class Discussion and Unit Activities for Indi- 
vidual or Small Group Research; and books for 
additional reading. 

This book should appeal to most teachers and 
pupils using it. Many students should find it 
more interesting and valuable than a course in 
either physics or chemistry which they 
have probably avoided anyway. 


would 
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BiLLMAN, JoHN H. ANp CLELAND, ELIZABETH 5, 
Methods of Synthesis in Organic Chemistr 
Bloomington, Indiana: Indiana University Bo 
Store, 1954. 264 P. $2.75. 


This is a concise summary of the fundamental 
reactions of organic chemistry along with prob- 
lems and answers. 
men 


It is a study-guide to supple- 
organic The 


f organic chemis- 


standard textbooks. book is 
intended to simplify the study 
try for students studying organic chemistry and 
to serve as a practical review for graduate stu- 
dents. 

The book should greatly facilitate the learning 

of organic chemistry—a subject that many stu- 
dents find quite difficult. 
ButMAN, JoHn H. General ( hemistry Whe. 
Organic Wheel, and Bacteriolog: 
Wheel. Bloomington, Indiana (Chemistry De- 
partment, Indiana University): John H. Bill- 
man. $1.00 each. 


Chemistry 


Students and teachers will find these pin-wheels 
a very valuable teaching aid. One is amazed 
that so much could be packed in so small a space. 
They should be most useful both for initial learn- 
ing and for drill exercises. It is impossible to 
even begin to indicate the varied drills possible 
with these pin-wheels. Considering the small 
costs every student will find these a most valuable 
learning aid. Chemistry students at Indiana Uni- 
versity have found these very valuable in learning 
chemistry. Many other colleges have found them 
equally effective. The general chemistry pin- 
wheel is being used in many high schools. 


WILL. 
Grand 
1955. 


3URNETT, R. 
(57 West 
Associates, 


Operation Moon. 
Avenue) : 
48 P. 


Chicagé 
Science Research 


$0.50. 


Operation Moon presents the challenging story 
ot space travel in simplified scientific terms. It 
is designed for high school readers. 
numerous drawings and diagrams. 


There are 


Dr. Burnett, professor of science education at 
the University of Illinois, believes space travel 
may emerge from the 
fiction and become a reality. Despite official 
secrecy, we know progress is being made on 
rockets that will carry man to the Moon, Mars, 
and Venus. 


soon pages of science 


The author outlines some of the preliminary 
steps: unmanned test rockets, soaring hundreds 
of miles to gather data. A man-made satellite 
circling Earth in a perpetual orbit, a three-stage 
“piggy-back” with a live crew, reconnoitering 
the Moon from space for the eventual first land- 
ing. Space travel 
drama : 


hazards as 
rays, lack of 


involves great 


well as cosmic 


meteors, 


gravity, air supply, liveable temperature in space, 
and the crucial question of take-off and landing. 

This is a fine publication for high school stu- 
dents and teachers and all “space-minded” young- 
sters and adults. : 
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